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Executive Summary 
Eco-restoration is undertaken as an ameliorating activity to mitigate widespread 
degradation of ecosystem functions and services as large-scale degradation and 
biodiversity loss are out-pacing conservation efforts. The goals of restoration vary 
widely from pure biocentric to anthropocentric motives. Biocentric motives focuses 
on re-establishing native biota similar to those existed in pre-disturbance conditions 
(e.g., species recovery and habitat restoration). Meantime when the degradation of 
forest landscapes affects the wellbeing of the dependant people, it is necessary that 
large areas need to be restored for re-establishing the impaired functioning or altered 
structure of the landscape as a whole. Recently, such anthropocentric efforts are 
getting recognised all over as an important mean for enhancing ecosystem functions, 
biodiversity and thus improving human wellbeing. 
The Attappady hills, a part of the Nilgiri Biosphere Reserve of the Western Ghats has 
undergone severe land degradation due to over exploitation and improper 
management of natural resources coupled with faulty landuse practices. Land 
degradation occurring continuously for the past five decades has increased poverty, 
unemployment and emigration among the adivasis. In 1995, the Kerala Government 
conceived a large eco-restoration program to restore the degraded forests and alleviate 
poverty which is intricately linked to environmental degradation in the region and 
formed the Attappady Hills Area Development Society (AHADS), an autonomous 
body for implementing the project. With active participation of local communities, 
AHADS restored many degraded forest fragments in the landscape. They adopted an 
active restoration method for heavily degraded sites where sites were fenced to 
remove grazing pressure, weeded frequently and planted with drought-resistant tree 
species to minimize soil erosion. In contrast, a passive restoration method was 
adopted for the less degraded sites where only fencing to facilitate natural 
regeneration was provided. Nevertheless, their approach towards monitoring was 
limited to revegetation. In either case biodiversity recovery form the important 
indicator of successful intervention. In this thesis, I attempt to understand the process 
of biodiversity recovery in the restored sites and develop a monitoring protocol based 
on the recolonization of woody plants and ground-dwelling insect communities. 
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I have adopted a chronosequence method for understanding the vegetation and insect 
community structure of the restored habitats. The vegetation and insect community 
showed high degrees of similarity across the age class of restored sites (Chapter 2). 
Therefore, to understand the reasons for this similarity, I have developed a monitoring 
scheme based on Before-After-Control-Impact (BACI) principles, by studying the 
underlying ecological processes that determined the distributions of woody plant 
(chapter 3) and ground-dwelling insect communities (Chapter 4) among the restored 
sites. 
 
To recreate the history of each degraded habitat fragment, the woody plants were 
characterised into three groups viz planted during past management (H), the 
emergents (N) (are those that are naturally occurring without any interventions, other 
than protection) and planted during AHADS eco-restoration program (P). The 
distributions of the emergents reflected the parallel processes of past disturbance and 
natural succession in the backdrop of anthropogenic interventions. Spatial analyses of 
the woody plants were based on dispersal modes. Similarly, the distribution of various 
insect taxonomic (ground-dwelling insects, ants and beetles) and functional feeding 
groups (herbivores, detrivores and predators) were assessed by a range of variables 
pertaining to habitat quality and quantity, at various spatial scales. 
 
The Salient findings of this research are: 
 
(1) The species richness of the ground-dwelling insects were generally higher in the 
restored sites and distinct compared to the reference sites.  
 
(2) Across the two restoration management regimes, the species richness and 
abundance of ground-dwelling insects did not differ much between the active and 
passive sites, except for herbivores and predators. The actively restored sites which 
are severely degraded are more susceptible to insect herbivory and also provides 
ample opportunity for predatory insects in efficiently finding their prey. 
 
(3) Among the woody plants, approximately 80 per cent of the stems were the 
emergents, which reflected the parallel processes of past disturbance and natural 
succession in the backdrop of anthropogenic interventions. 
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(4) Among the insects, ants were the most diverse (97 morphospecies) followed by 
beetles (63 morphospecies). Among ants, the invasive yellow crazy ants, Anoplolepis 
gracilipes (Smith) were the most abundant (approximately 71 per cent), which were 
mostly abundant in the severely degraded habitats.  
 
(5) Spatial analyses based on woody plants’ dispersal modes suggested that the long-
distance dispersal species (e.g., wind) were efficient in colonizing smaller degraded 
fragments. 
 
(6) The short-distance dispersal species (e.g., mechanical dehiscence) of the woody 
plants were unable to colonize the severely degraded and isolated habitats. 
 
(7) The distributions of various insect taxonomic and functional feeding groups 
revealed that instead of habitat area, habitat edge positively affected the insect species 
diversity and composition. 
 
(8) The variations in the distributions of species richness and compositions of the 
woody plant and ground-dwelling communities were mostly explained by the 
spatially induced environmental variables than pure environmental or pure spatial 
variables. 
 
(9) The beetles, herbivores and predatory insects were positively affected by the 
densities of non-native plants, while most other insects were negatively responding to 
the diversity and density of native plant communities. 
 
(10) The ground-dwelling insects, ants, herbivores and detrivores were distributed at 
larger spatial-scales, while beetles and predators were distributed at finer spatial-
scales. 
 
(11) The surrounding agricultural areas are contributing to the high insect diversity of 
the degraded forest fragments due to the matrix effect. 
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(12) The invasive yellow crazy ants, Anoplolepis gracilipes (Smith) is selected as the 
indicator species of habitat degradation as this species was mostly found in the 
severely disturbed forest fragments. This species qualifies as an indicator of the 
habitat quality as this species is an opportunist which quickly responds to changes in 
habitat quality and readily occupies the degraded areas. Additionally, it is easy to 
recognise even for an untrained person and hence can be a focal species in rapid 
monitoring programs. 
 
(13) Monitoring schemes based on a chronosequence design may not be appropriate 
in the context of landscape restoration, because different sites are likely to have 
experienced varying intensity of disturbances in the past. 
 
(14) It is suggested that the Before-After-Control-Impact (BACI) designs are better 
suited for monitoring large-scale eco-restoration projects as different parts of the 
landscape would have experienced different frequencies and intensities of 
disturbances. 
 
(15) Additionally, restorationists should maintain plant nurseries to raise the short-
distance dispersal-limited plant species which cannot colonize areas that are further 
away from the propagule sources. 
    
(16) Future eco-restoration projects should consider the nature of the surrounding 
landscapes in human dominated areas as other landuse such as human habitation and 
agricultural fields hold substantial number of matrix species which can accelerate the 
restoration process in degraded habitats. 
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CHAPTER 1 
Introduction 
 
Ecological restoration 
Ecological restoration mitigates widespread loss and ravaging of ecological integrity 
in natural and semi-natural areas (Hobbs and Norton 1996). Restoring degraded areas 
are an important activity among today’s conservation efforts to counter the effects of 
anthropogenic pressures, such as fragmentation and degradation, on the world’s 
natural ecosystems (Young 2000). Restoration projects are implemented in many 
ways, ranging from local to national levels, few to many years, individual efforts to 
large agencies, and, a “do nothing” to controlling various non-living and living 
entities (Hobbs and Cramer 2008). These restoration projects are often driven either 
by biocentric or by anthropocentric goals (Higgs 1997, Burke and Mitchell 2007). 
Biocentric goals encourage restoring native biota similar to those existed during pre-
disturbance conditions (for example, restoring populations of critically endangered or 
threatened species in the wild). In contrast, anthropocentric motives seek to return 
degraded areas to some sort of functioning ecosystems (for example, returning of 
minimal plant cover to control soil loss). Thus recognizing the diverse nature of 
restoration efforts, Society for Ecological Restoration (SER 2004) has defined 
ecological restoration as “the process of assisting the recovery of an ecosystem that 
has been degraded, damaged or destroyed.” 
Restoration usually encompasses specific goals to restore the ecological fidelity that 
existed before disturbance. Ecological fidelity includes structure and composition, 
function, and sustainability of the ecosystem (Higgs 1997). Here, structure and 
composition are measures of biodiversity (species richness and composition); 
functions are ecosystem processes (pollination and loss or retention of soil nutrients); 
and sustainability is the resilience of the restored ecosystem towards future 
perturbations. In addition, clearly stated goal sets expectations, drives the detailed 
plan of action, and decides the kind and extent of post-project monitoring (Ehrenfeld 
2000). 
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However, “strict” biocentric restoration is deemed inadequate to compensate for large 
scale loss of biodiversity and ecosystem services in human dominated landscapes, 
despite its contributions to scientific knowledge (Dudley et al. 2005, Gonzalo-Turpin 
et al. 2008). Besides, such “site specific” restorations may not be practical or 
successful in large landscapes where multiple stakeholders are involved (Dudley et al. 
2005). 
On the contrary to biocentric restoration, large-scale multi-purpose restoration 
projects seek to restore ecosystem functions and services in human dominated 
landscapes, where the loss of biodiversity and the rising poverty levels of the rural 
masses are prominent (Dudley et al. 2005). Governments and global conservation 
organizations have recognized the need for forest landscape restoration to address 
environmental and economic problems of the rural masses living in the tropical 
forests. For instance, these projects are particularly deemed important in the dry 
tropical forests, where more than half the world’s rural population survive by 
depending on several forest resources for their subsistence (Mooney et al. 1995, Lamb 
et al. 2005). But over exploitation of forest resources are resulting in landscape 
degradation and threatening the very existence of such ecosystems (FAO 2001). 
Therefore, forest landscape restoration is “a planned process that aims to regain 
ecological integrity and enhance human well-being in deforested and degraded 
landscapes” (Dudley et al. 2005). 
Forest landscape restoration applies the “ecosystems approaches” based on the 
principles of ecosystems management, to achieve both environmental and economic 
benefits (Maltby et al. 1999, Sayer et al. 2004). Such restoration approaches does not 
focus on a single objective (e.g., biodiversity recovery), but recognizes that the land 
must be managed for multiple goods and services to meet the needs of diverse 
stakeholders. This implies that trade-offs exists between social welfare considerations 
and complete restoration of native biodiversity and ecosystem functions. For example, 
trade-offs may include preferences for economically beneficial and ecologically 
important plant species that may be non-native to the region. Such trade-offs are more 
likely to have important implications for the regional biodiversity point of view. 
Trade-offs may result in the formation of novel ecosystems with new species 
composition and functional characteristics that may not have any historical point to 
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refer to (Hobbs et al. 2006, Seastedt et al. 2008). Furthermore, biodiversity recovery 
is less documented in the context of forest landscape restoration as these projects are 
new endeavour within the field of ecological restoration (Sayer et al. 2004). 
Recently, ecological studies on restoration have proliferated to understand the 
mechanisms of biodiversity recovery (Hobbs and Harris 2001). This rapid 
development of restoration ecology as a scientific discipline can be attributed to two 
factors (Ruiz-Jaen and Aide 2005, Majer 2009). First, large mined areas often provide 
ready-made experimental set-up to restoration studies as mining industries are legally 
obligated to restore such areas to its pre-disturbance conditions. Second, academicians 
and researchers took this as an opportunity for long-term partnership with the 
corporates (involved in mining) and land managers to document the process of 
biodiversity recovery over decades. 
Such studies on biodiversity recovery in restored areas are aided by ecological 
theories on community succession (Walker and del Moral 2003, Cramer et al. 2008), 
disturbance ecology (Walker 1999), invasion ecology (D’Antonio and Meyerson 
2001, Zavaleta et al. 2001, Macdougall and Turkington 2005), and community 
assembly rules (Weiher and Keddy 1999, Temperton et al. 2004, Shipley 2010). 
Small-scale experimental plots in mined areas and degraded forests provide ideal 
settings for these kind of studies to understand the mechanisms of restoring the 
ecological fidelity similar to the site’s pre-disturbance conditions (Ruiz-Jaen and Aide 
2005, Majer 2009), and thus for developing appropriate monitoring protocols for 
measuring  restoration success. 
Monitoring ecological restoration using insects 
Biodiversity monitoring aims to track the changes that occur in the biological integrity 
of the ecosystem due to natural perturbations or anthropogenic interventions. In the 
context of restoration, monitoring helps to supervise the progress to ascertain the 
achievement of goals, ensure implementation of appropriate restoration strategies, 
proper use of resources and effective management of restored sites (SER 2004, Ruiz-
Jaen and Aide 2005). The success of restoration projects are dependent upon the 
implementation of proper monitoring scheme that can effectively address whether the 
project objectives were met or not. They pursue specific objectives of the restoration 
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goals by comparing ecosystem attributes such as species diversity, vegetation 
structure and ecosystem processes of restored sites and reference ecosystem (SER 
2004, Ruiz-Jaen and Aide 2005). 
The multicellular species such as invertebrates especially insects and other arthropods 
are the most commonly used operational units for measuring biodiversity in 
monitoring programs (Wilson 1987, Purvis and Hector 2000). Invertebrates are 
mostly chosen over vascular plants and vertebrates in monitoring studies due to their 
finely patterned distribution (Oliver et al. 1997, French 1999, Pik et al. 1999). 
Monitoring schemes based on vegetation has repeatedly shown to be a poor surrogate 
for patterns of invertebrate biodiversity (Crisp et al. 1998, Jonsson and Jonsell 1999, 
Eyre and Luff 2002).Vertebrates, on the other hand, are highly mobile, generalised or 
uncommon to be effective indicator taxa at local scales (Read 1998, Hilty and 
Merenlender 2000). Invertebrates are widely considered as powerful monitoring tools 
in environmental management because of their great abundance, diversity and 
functional importance, sensitivity to perturbation, and the ease with which they can be 
sampled (Rosenberg et al. 1986, Brown 1997, McGeoch 1998). Therefore, Taylor and 
Doran (2001) opine that biodiversity monitoring programmes cannot be considered 
credible without addressing the invertebrates effectively.  
Several studies on insect community responses to habitat restoration are based upon 
the chronosequence or the substitution of space-for-time method (Majer 2009). In this 
method, sites of different restoration age are selected, which represents different seral 
stages of plant community succession. These projects are implemented mostly in 
mined areas at smaller spatial scales, where insects may readily respond to 
disturbances related to restoration efforts. Furthermore, several standards based on 
insects are developed in the context of biocentric restoration projects. For example, a 
functional group model of ant community composition has been widely used in 
Australia to analyse patterns of their recolonization in restored sites (Andersen and 
Sparling 1997, Majer et al. 2004, van Hamburg et al. 2004). This model has provided 
valuable support to the widespread use of ant communities as bioindicators of 
ecological change. However, such standards or monitoring protocols for biodiversity 
recovery are rarely incorporated into forest landscape restoration. 
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Incorporating monitoring schemes within the ambit of larger forest landscape 
restoration has many advantages. Firstly, monitoring helps in evaluating the efficacy 
of a multitude of restoration strategies that are implemented. Secondly, monitoring 
has a direct relevance in tracking ecosystem changes as forest landscape restoration 
involves selection of economically important plant species over native species, which 
may have lasting impacts on the regional biodiversity. Thirdly, monitoring schemes 
that directly involves stakeholders will help change their attitude towards, and 
enhance support for landscape restoration and conservation. Finally, monitoring 
protocols developed in the context of forest landscape restoration can form templates 
for similar eco-restoration projects. Thus monitoring schemes using biodiversity are 
deemed important despite biodiversity recovery is one among several objectives of 
the large-scale multifaceted forest landscape restoration projects. 
Ecological restoration in the Western Ghats 
The Western Ghats (8 ̊ N to 21 ̊ N Latitude and 73 ̊ E to 77 ̊ E Longitude) hill ranges 
are an important biogeographic region in India (Mani 1974, Rodgers and Panwar 
1988). It has gained international attention as a globally important ecoregion due to its 
high biodiversity value and endemism (Olson and Dinerstein 1998), and identified as 
a biodiversity hotspot along with Sri Lanka (Myers et al. 2000). Similar to other 
biodiversity hotspots, Western Ghats too has been exploited in the past, and is being 
in the present, in the form of agricultural expansions, timber extraction, monoculture 
plantations, rail and road networks, hydro-electric projects etc (Daniels et al. 1995, 
Chandran 1997). 
It is estimated that, between 1920 and 1990, at least 40 % of the original natural 
vegetation in the Western Ghats was lost or converted to cultivated lands, coffee and 
tea plantations, and reservoirs. The number of forest patches has increased by four-
fold, while the average size of these patches has declined by 83 % due to forest 
fragmentation (Menon and Bawa 1997). In addition, degradation due to poverty is 
rampant as alternative sources for food, fuel, shelter, and income of large rural 
population is not met on an urgent basis (Daniels et al. 1995). For example, the child 
malnutrition rate is estimated to be at 36 % in the Western Ghats and Sri Lanka 
biodiversity hotspot (CIESIN 2005). The Western Ghats along with Sri Lanka, with 
more than 52 million people and 275 persons per km2, has the highest human 
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population densities among the biodiversity hotspots (Cincotta et al. 2000). The 
current annual deforestation rates of 1.2 % in the Western Ghats pose the greatest 
challenge for biodiversity conservation in abating the present biodiversity extinction 
crisis. 
Although fragmentation and degradation is rampant in the region, network of formally 
protected areas in the form of national parks and sanctuaries (Daniels and Jayashree 
2008), and informally protected areas in the form of sacred groves exists (Bhagwat et 
al. 2005, Bhagwat and Rutte 2006). In addition, many afforestation and social forestry 
programs are implemented in degraded forest areas to reduce anthropogenic pressure 
on the adjoining national parks, sanctuaries and other protected areas. And yet there is 
a general consensus that conserving the remaining forests alone is not sufficient, but 
should be complemented by restoration to evade the biodiversity extinction crisis in 
the Western Ghats. Since the last two decades, many restoration projects pertaining to 
single species, multi-species and large-scale multi-purpose restorations are 
implemented here. 
Single species restoration or species recovery programs seek to restore the natural 
populations of the critically endangered or threatened species. Often endemic species 
come under the purview of recovery programs as they are more likely to get extinct 
due to habitat fragmentation and degradation than compared to more common species. 
Some examples from the Western Ghats include the recovery of Semecarpus 
kathalekanensis (Vasudeva et al. 2001), Eugenia singampattiana (Sarcar et al. 2006), 
Impatiens platyadena (Ramasubbu et al. 2011) and Ceropegia fantastica (Chandore et 
al. 2010). 
In multi-species or habitat restoration, biotic community that has a known 
composition of native species from local reference sites are established. These 
projects usually target habitats that are fragmented, degraded and invaded by alien 
species. Restoration efforts such as these are increasingly recognized as it provides a 
way to restore the dwindling forest ecosystems, which can provide habitat for many 
native and endemic flora and fauna. For instance, ‘repairing the rain forests’ project 
by the Nature Conservation Foundation (Raman et al. 2009) is a good example for 
habitat restoration. Under this project, thousands of rainforest saplings belonging to 
approximately 80 rain forest species representing endangered and endemic species 
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were raised. Their monitoring protocol includes tagging and regular monitoring of 
sapling and inventorying other taxa such as birds and spiders that utilize these 
restored fragments. 
In yet another type of restoration program, efforts to restore millions of hectares of 
degraded forests have been organized under the eco-restoration or multi-purpose 
projects. In India, they are often state motivated, draw huge monetary support and 
involve multiple stakeholders. These projects primarily recognize social welfare such 
as public works, education and employment generation for the stakeholders over the 
importance of restoring forest landscapes to its pre-disturbance state. The functioning 
of these projects are largely democratic in which participation of all the stakeholders 
is ensured, where it emphasizes graduated sanctions, local conflict-resolution and the 
capacity and effectiveness of the subsidiary provided (Ostrom 1990). Some of the 
popular examples for forest landscape restoration within the Western Ghats include 
Tamil Nadu Afforestation Program (Krishnakumar and Murthy 2007) and eco-
restoration of Attappady hills (Vishnudas et al. 2008). Many such projects are limited 
to project implementation, which do not incorporate robust monitoring program to 
assess the progress in biodiversity recovery. Monitoring program, if exists, are mostly 
limited to assessing the vegetation cover which are not appropriate surrogate for the 
complete range of biodiversity. However, most of the projects are declared as 
successful despite such limitations, and are being replicated in other degraded forest 
landscapes of the Western Ghats. For instance, the recently completed eco-restoration 
project by the Attappady Hills Areas Development Society (AHADS) in the 
Attappady hills is lauded as a highly successful project, which is envisioned as a 
model project for future eco-restoration programmes in the Western Ghats of Kerala 
(AHADS 2011). Since these projects receive large amount of public money and enjoy 
public support, robust monitoring programmes should be incorporated to evaluate the 
overall success of the eco-restoration projects. In this thesis, therefore, I focus on 
developing a long term monitoring protocol by evaluating the responses of native 
biotic communities to restoration efforts in the degraded forests of Attappady hills, 
with special reference to the ground dwelling insect communities. 
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Ecological restoration in the Attappady hills 
Attappady hills (10° 55' N to 11° 15' N Latitude and 76°21' E to 76° 48' E Longitude), 
a part of Nilgiri Biosphere Reserve of the Western Ghats, covers an area of 745 km2 
spreading over three panchayats viz. Agali, Pudur and Sholayur of Mannarkad Taluk, 
is in the north eastern part of Palakkad District, Kerala (Figure 1.1). It shares 
boundaries with the reserve forests of Nilgiris South and Coimbatore forest divisions 
of Tamil Nadu State to the north and east, and Silent Valley National Park to the west. 
The region is drained by the two rivers, namely Bhavani and Siruvani. The Bhavani 
river originates from the Nilgiris and flows due south up to Mukkali and turns east 
draining into Tamil Nadu. The Siruvani originates in the Siruvani hills of Palakkad 
hill ranges, and descends from the southern portion of the Attappady hills at 
Muthikulam and flows east to join the Bhavani River within the Attappady valley. 
Topographically, the terrain is undulating with varying elevation (ranging from 450 to 
2300 m above msl) and slope (ranging from 15 degrees to above 35 degrees) 
(AHADS 2004). 
 
Figure 1.1 Map of the Attappady hills (c) located in the Western Ghats (a) of Kerala State (b). 
The landscape receives rainfall from both south-west and north-east monsoonal 
winds, where the predominantly wet western half receives rainfall from both the 
a 
b 
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south-west monsoon (during June to September) and north-east monsoon (October to 
December), and the eastern half receives rainfall mostly from north-east monsoon. 
The eastern half is in the rain shadow region with rainfall less than 1000 mm per 
annum whereas the western half receives over 3000 mm per annum, with humidity 
increasing along an east-west gradient (AHADS 2004). As determined by the 
climatological and topographical factors, the historical forest types represented along 
a west-east gradient in this landscape were: Tropical wet evergreen forests, West 
coast tropical semi-evergreen forest, South Indian moist deciduous forest, Southern 
tropical dry deciduous forest, Pioneer Euphorbeaceae scrub, Subtropical hill forest, 
Southern montane temperate forest and grasslands (Chand Basha 1977, Zacharia 
1981). 
The Attappady hills were initially controlled by princely families who exercised 
powers on the tribes and collected tax, grains etc from them. The tribes- Irulas, 
Mudugas and Kurumbas were, and continue to, inhabit the area. They chiefly 
depended on slash-and-burn cultivation and grazing. They also depended upon plant 
and animal products for food and medicine (Padmanabhan and Sujana 2008). 
Interestingly, the goat breed Attappady black is said to have been bred by them for its 
meat (Aggarwal et al. 2006).  
The history of forest loss and impoverishment of the tribes dates back to the colonial 
period starting from early 19th century, through the genesis, evolution and 
consolidation of forest and land management policies. The first legislation curtailing 
shifting cultivation was enacted in 1866, and was followed by the promulgation of the 
Madras Forest Act in 1882 (Nair 1986). The process of declaring an area as reserved 
forest under the Madras Forest Act 1882 was more intricate and prolonged in 
Attappady hills, as only a part of the land belonged to the government and the rest 
were in dispute among powerful jenmies (landlords). Those days, the primary idea 
was to preserve the forests to protect the catchment areas of the river Bhavani and its 
tributaries. During this period, the tribes were treated as tenants of the government 
and were allowed to harvest minor forest produce. During 1932, selection felling 
started where patches of shola evergreen forests and moist deciduous forests were 
replaced with teak and eucalyptus plantations. All other areas were considered as 
private properties belonging to jenmies (Nair 1986). Until the Second World War, 
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these private forests of the area retained their pristine glory. But by 1945, the area 
started showing signs of damage causing concern to the government, which lead to 
the promulgation of the Madras Preservation of Private Forest Act in 1949. 
Nonetheless nothing significant was done to prevent the damage to large tracts of 
private forests. During the same period, the massive and successful conversion of 
forests and arable land to cash crops in the hills of Tranvancore-Cochin, as 
economically profitable activity, prompted large number of people to migrate to 
Attappady hills (Nair 1986). The owners of the private forests on the other hand 
preferred easy money obtained by felling the timber since the proper management of 
the areas for which they had neither interest nor incentives. 
Consequently in 1971, the Kerala Forests Vesting and Assignment Act was passed. 
After a long legal battle, the Supreme Court of India approved the legislation on the 
19th August 1973. The interim period of 16 months was a legal vacuum, during 
which, massive and organized forest plunder was carried out (Nair 1986). By then, 
most of the desirable and accessible portions of these forests had already been 
converted to settled areas to get exemption from the act. While the litigation 
continued in the courts, the forests were thoroughly denuded of all valuable timber. 
What remained were mostly steep, rocky, and remote patches beyond the margins of 
the economic cultivation. At present, all the erstwhile private forest of the Attappady 
hills, which were vested with the government, and also the Reserve Forests have been 
organized under the Mannarghat Forest Division comprising of Attappady and Agali 
forest ranges. 
During 1951 to 1990, the tribes from being more than 91% of the total population 
have been reduced to a minority (33 %) because of a high influx of settlers from the 
plains of Tamil Nadu and Kerala, leading to a demographic shift impacting the 
culture, economy, agriculture and landholdings of the indigenous people. The 
government recognized this fact and has launched a number of programs under 
Integrated Tribal Development Project (ITDP) and Attappady Co-operative Farming 
Society (ACFS) to uplift the tribes in par with settlers. However, many of these 
programs failed due to various reasons and they continue to be the socially and 
economically weaker section of the society in Attappady, even today. 
Presently, Attappady is on the verge of extreme degradation due to over-exploitation 
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and improper management of natural resources coupled with faulty land use practices. 
According to the land classification of Government of Kerala, 60% of the total land 
area is under forest land, 17% under agriculture, 21% under wastelands and 2% in 
other uses. About 50% of the total Attappady area irrespective of the current landuse 
is degraded and fail to be productive as expected (AHADS 2004). The forest lands 
account for about 46% of the total degraded area while the wastelands forms. The 
effects of land degradation as seen in Attappady hills are frequent landslides, lower 
water flows in rivers and streamlets, reduction in agricultural output and dwindling 
forest produces. Land degradation occurring continuously for the past five decades 
has increased poverty, unemployment and emigration.  
The Kerala Government recognized the need for a comprehensive restoration program 
to restore the degraded forests and alleviate poverty which is intricately linked to 
environmental degradation. The government has developed the ‘Attappady Wasteland 
Comprehensive Environmental Conservation Project” with a vision of ‘ecological 
restoration of wasteland in Attappady and development of replicable models of 
participative eco-restoration, so as to prevent further degradation and promote 
sustainable methods of livelihood for the local people (with special emphasis on tribal 
population) in harmony with the resource base’. Consequently, an autonomous body,  
the Attappady Hills Area Development Society (AHADS) has been formed under 
Societies Registration Act of 1860 as the Project Implementation Agency (PIA). 
Eco-restoration by AHADS in Attappady hills 
The eco-restoration activities of AHADS were planned and implemented using a 
participatory approach on a watershed basis. Unlike the traditional system of top-
down planning, the functional set up of AHADS included five distinct interlinked 
levels of project planning and management. They are: (1) perspective planning of 
project by AHADS; (2) watershed level through the Development Units (DU); (3) 
micro-watershed level through User Associations (UA); (4) tribal Hamlet level 
through Ooru Vikasana Samithi (OVS, Hamlet Development Committee); and (5) 
forest conservation and afforestation through Joint Forest Management Committee 
(JFMC). 
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AHADS consists of Multidisciplinary team representing forestry, soil conservation, 
water resource development and agronomy. This team is responsible for creating 
awareness and training the rural masses about the implementation of the project 
activities in an integrated manner. The User Association (UA) is a registered 
organization representing the total population of the respective micro watershed. The 
main responsibility of a UA is to implement the activities with respect to micro plans 
prepared by AHADS with people’s participation. The various works implemented 
through UAs include percolation ponds, contour trenches, check dams, gully plugs, 
sub-surface dikes, diversion weirs, contour bunds, terracing etc. Through the 
sustainable agroforestry system, multi-purpose tree species suitable to the diverse 
agro-climatic zones of the area were promoted. The tree species includes horticultural 
crops, mainly cashew, mango and other fruit bearing trees along with silvicultural 
species such as neem, silver oak, casuarina, etc. (Karun et al. 2005). The Ooru 
Vikasana Samiti is an un-registered organization at each tribal hamlet to address the 
social issues of these marginalized communities. The JFMC is an unregistered 
organization formed for the reforestation of degraded forest land. The JFMCs of the 
AHADS implemented restoration work from 2000 onwards for 11 years, which 
included active and passive restoration management. In this study, I take the 
opportunity to develop a robust monitoring protocol by studying the effects of various 
restoration methods on ground-dwelling insects, which were sampled for two years in 
2008 and 2009. 
Thesis structure 
The thesis is organized into five chapters that include the introductory chapter 
followed by three data chapters and a synthesis. As I have adopted an independent 
manuscript format for each data chapters, some form of redundancy could not be 
avoided in the methods section. The first chapter, as being read, introduces the general 
concepts behind different types of restoration projects, importance of monitoring 
schemes, and the use of insects as bioindicators of restoration success. The strength 
and weaknesses of biocentric and anthropocentric restoration projects are also 
highlighted. In addition, the biophysical features, people and landuse change, history 
of land degradation, and the eco-restoration project in the study area are summarized. 
The second chapter investigates the effects of active and passive restoration 
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management strategies on the diversity and composition of ground-dwelling insect 
communities and their relationships with the vegetation and other habitat variables. 
The research questions addressed in this chapter are as follows: (1) does the ground-
dwelling insect communities respond differentially to active and passive restoration 
management strategies? (2) Do the ground-dwelling insect communities follow the 
age trajectory of the restored sites, where their diversity and composition in the older 
restored sites be similar to those in the relatively less disturbed forest? By answering 
these questions, this chapter also discusses the limitations of implementing 
monitoring schemes based on chronosequence approach into the larger forest 
landscape restoration programmes. Finally, this chapter reiterates the need for 
baseline data and an understanding of the underlying ecological processes, to develop 
appropriate monitoring protocols. Therefore, the following two chapters involve 
analyses on woody plant communities and ground-dwelling insect communities to 
understand the underlying ecological processes. The third chapter includes an analysis 
of the effects of habitat degradation on the distributions of woody plant communities 
with respect to plant dispersal traits. The specific objectives of this chapter are to: (1) 
quantify the distribution of the woody plant communities based on their dispersal 
traits at multiple spatial scales, and relate it to various environmental variables that 
may affect the plant dispersal within the fragmented forests of the Attappady hills; (2) 
identify suitable plant species as indicators of habitat quality for tracking restoration 
success. The results are discussed in the light of implications for restoration and its 
monitoring. Similarly, Chapter 4 includes an analysis of the effects of habitat 
degradation on the distributions of the ground-dwelling insect communities with 
respect to insect taxonomic groups (e.g., ants and beetles) and insect feeding guilds 
(herbivores, predators and detrivores). The specific objectives of this chapter are to: 
(1) quantify the distribution of the ground-dwelling insect communities (based on 
their taxonomic or feeding guild affiliates) at multiple spatial scales and relate it to 
various environmental variables, which may determine their distributions; (2) quantify 
the effects of fragmentation and degradation on native-exotic insect species 
relationships; (3) identify suitable insect species as indicators of habitat quality for 
tracking ecosystem change. The results are discussed in the light of fragmentation and 
degradation, and recommendations are made with respect to the implications for 
monitoring restoration projects. The final chapter is the thesis synthesis, where 
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recommendations are made with respect to future eco-restoration programmes that 
will be implemented in the Western Ghats region and elsewhere. 
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CHAPTER 2 
Insect Community Responses to Habitat Restoration 
Efforts in the Degraded Forests of the Attappady 
hills, Western Ghats 
 
Introduction 
Monitoring restoration projects using insects is driven by the assumption that, with 
restoring appropriate native plant communities, sites will be colonized by original 
insect communities. Insects are vital for ecosystem processes such as facilitation of 
soil aeration, soil structure, litter decomposition and nutrient cycling, pollination, seed 
dispersal, and as food resource for vertebrate predators. Also, insects occupy the 
widest diversity of microhabitats and niches than vertebrates. In the context of 
restoration, they are ideal to track year-to-year change in a site due to their ability to 
indicate subtle but important variations that may influence the quality of a habitat 
during restoration (Longcore 2003). More specifically, rapid responses by insects to 
externalities during restoration can be attributed to their body size variations, higher 
growth rates and reproductive potential, large population sizes, and short generation 
times. Thus, insects have been recognized as efficient indicators of ecosystem 
function, and are widely used in conservation planning for assessing habitat quality 
and measuring habitat differences (e.g., Rosenberg et al. 1986, Wilson 1987, Kremen 
et al. 1993, Niemelä et al. 1993, Finnamore 1996, Pollet and Grootaert 1996, Rykken 
et al. 1997, Kitching et al. 2000, Gibb and Hochuli 2002). 
Insects are used as indicators of restoration success in a wide variety of circumstances 
(McGeoch 1998, Ruiz-Jaen and Aide 2005, Majer 2009). They are monitored in the 
species recovery programs, community succession, ecosystem processes and soil 
health, and as surrogates of other taxa (Majer 2009). Examples of such programs 
include: the recovery of native invertebrates in a rehabilitated urban landscape (Pryke 
and Samways 2009); ants in tracking the natural succession of savannah (Costa et al. 
2011); recovery of butterfly pollinators (Waltz and Covington 2004); ants as seed 
dispersal agents in a rehabilitated open-pit coal mines (Dominguez-Haydar and 
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Armbrecht 2011); collembolan and mites in the recovery of soil health (Fisk et al. 
2006, van Dijk et al. 2009); and ant diversity as surrogate for assessing recolonisation 
of other faunal communities in restored sites (Nichols and Nichols 2003). In addition, 
insects are also used in evaluating the efficiency of various restoration techniques 
employed. Furthermore, various invertebrate communities are extensively used in 
tracking restoration success of threatened ecosystems of the world, for example, in 
rainforest (Jansen 1997) and wetlands (Brady et al. 2002). 
Assessing forest landscape restoration projects presents a special challenge for the use 
of insects as bioindicators. Since, the implementations of forest landscape restoration 
are limited to few years (usually 10 to 15 years), often more than one restoration 
strategy is employed for biodiversity recovery. In most cases, the degraded habitats 
are classified under passive and active restoration strategies based on their intrinsic 
biodiversity values (Bell et al. 1997). Usually, habitats that are moderately degraded 
are passively restored by enhancing natural succession through protection. On the 
contrary, habitats that are severely degraded, or highly isolated from potential 
propagule sources may require active restoration methods for improving natural 
succession. Different sites undergo restoration efforts at different points in time due to 
the delay in the availability of the funds and the onset of restoration efforts. This 
provides an opportunity for selecting sites based on chronosequence (space-for-time 
substitution method) design for evaluating restoration success. Therefore, such 
restoration projects provide unique opportunities to evaluate the efficacy of various 
restoration strategies in restoring native insect communities and to examine how 
insect communities recolonize the restored habitats along a trajectory of restoration 
age. Instead of repeatedly sampling the same sites for many years, assessing insect 
recolonization along a chronosequence of restored sites is a more rapid approach, 
whereby a temporal trend is inferred by using sites of different ages (Pickett 1989, 
1991). 
In this chapter of the thesis, I examine how ground-dwelling insect communities 
recolonize the restored habitats of the Attappady hills. More specifically, the 
objectives are: (1) to examine how ground-dwelling insect communities respond to 
active and passive restoration management; and (2) to see how the diversity and 
composition of ground-dwelling insect communities change along the age trajectory 
of restored habitats. The first objective will be addressed by comparing the diversity 
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and species composition of ground-dwelling insects between the actively and 
passively restored sites. The second objective will be addressed by comparing the 
diversity and species composition of ground-dwelling insects across an age trajectory 
of restored sites for both the restoration management, separately. 
Methods 
Study sites 
The JFMC wing of AHADS identified a large number of degraded forest fragments 
for restoring the vegetation cover to arrest soil erosion and thereby conserve soil and 
water resources. As the restoration project period was limited to a few years (i.e., 
from 2000 to 2011), the JFMC adopted two restoration management methods (active 
and passive) to hasten the restoration process. Before undertaking restoration 
activities, the forest fragments were assessed for existing vegetation cover and were 
designated to either active (fragments with < 20 % vegetation cover) or passive 
restoration method (fragments with > 20 % vegetation cover). The active restoration 
management involved fencing to remove grazing pressure along with frequent 
weeding of invasive plants (mostly Lantana camara), and extensive planting of 
drought-resistant and economically important tree species to minimize soil erosion 
and to facilitate regeneration of native tree species. In contrast, the passive restoration 
management involved just fencing to ease natural regeneration. By following these 
strategies, AHADS perceived that by removing grazing and other anthropogenic 
pressures, the native biotic communities would eventually colonize these degraded 
forest fragments. 
A survey of the entire Attappady landscape for selection of study sites was carried out 
in June 2007. The Survey of India (Govt. of India) toposheets (scale 1:50,000) for the 
Attappady region and maps (ESRI shapefiles) prepared by AHADS were extensively 
used for the study site selection. During this survey, two important features regarding 
the landuse patterns in the Attappady hills and restoration efforts of the AHADS were 
revealed. Firstly, plantations of various cash crops and reserved forests formed a 
major part of the landuse in the southern and western regions of the Attappady hills, 
and consequently the restoration efforts by AHADS in this region were minimal. On 
the contrary, majority of the region in the eastern and central parts of the Attappady 
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hills were severely degraded, and consequently the restoration efforts by AHADS 
were maximal in the region. Secondly, the restoration efforts by the AHADS and the 
involvement of local people varied greatly within the severely degraded areas of the 
Attappady hills. This disparity is attributed to accessibility and proximity of hamlets 
to the sites and regular monitoring by AHADS’ officials. 
Many researchers have taken advantage of studying the ecology of various taxa in the 
context of habitat restoration in the eastern region of the landscape, where the 
restoration efforts are more organised (e.g., Balasubramanian et al. 2008, Aruna et al. 
2009, Ramalingam and Rajan 2009). Additionally, focusing on the eastern part of the 
landscape provides ample opportunities for comparing the sites under restoration with 
the mixed dry deciduous forests of the adjoining Anaikatty hills, which provides 
appropriate reference conditions for comparison. Thus, the sites were selected in the 
eastern part of the Attappady landscape extending from the areas bordering Anaikatty 
forests to the central part of the Attappady hills for this study. Twelve sites each from 
active and passive restoration managements along with four sites from the adjoining 
Anaikatty reserve forest as reference sites were selected and were given site codes for 
convenience (Figure 2.1; Table 2.1). Furthermore, the twelve sites within each 
restoration management represented a chronosequence of restoration age. Therefore, 
the sites within each restoration management regime were categorized into three age 
groups (i.e., 2 year, 3 year and 5 years), which represented a trajectory of restoration 
age. 
Sampling methods 
Ground-dwelling insects 
The ground-dwelling insects were sampled using pitfall traps from the twenty eight 
study sites (Figure 2.1), in January (early-summer) and May (late-summer) of 2008 
and 2009. Plastic jars of 500 ml capacity, 12.5 cm in height and 6 cm diameter, were 
used as pitfall traps. The traps were sunk into the soil so that the mouth was level with 
the soil surface. 50% Iso-propyl alcohol mixed with a drop of glycerol was used as 
preservative in the pitfall traps. At each site, 10 pitfall traps were laid on the centroids 
of the 10 m2 permanent vegetation plots (see vegetation sampling method below) 
along the two 300 m X 10 m transects (Figure 2.2 c). The traps were retrieved after 
five days, and the insects were cleaned and preserved in 70% ethanol for 
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identification in the lab. 
 
Figure 2.1 Map showing the location of the study sites. The rectangular boundary (marked in 
red) in the inset shows the extent of the study area. 
The collected insects were identified to Order, Family and then sorted to 
morphospecies. The ants (Fam: Formicidae) were identified to sub family and genera 
using Bingham (1903) and Bolton (1994), while the remaining insects were identified 
to family using identification keys by Naumann et al. (1970). As it is not possible to 
identify every insect to species level in a multitaxon approach, a more practical 
morphospecies or the Recognisable Taxonomic Unit (RTU) approach was adopted. A 
morphospecies is a morphologically distinct and recognizable organism that 
represents an assumed species and is a relatively robust indicator of true species 
identity (Oliver and Beattie 1996). Further, individual RTUs were assigned to 
different functional groups (FGs) based on equivalent functional roles in communities 
(Blondel 2003). Since there is not sufficient functional information available for the 
vast majority of insect species, the FGs assessments were done mainly based on 
feeding traits (functional feeding groups), and not exclusively on taxonomic 
membership. Thus, for some groups (e.g. Heteroptera, Diptera, Coleoptera etc.) 
different species of the same taxon that are members of different trophic levels are 
allocated to different FGs. Although defining FGs in such a way is not a perfect 
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approach, it is an efficient and useful step forward to relate diversity and ecosystem 
function (Bengtsson 1998, Tilman 2001). Hence, the insects were classified as, either 
predators, herbivores or detrivores based on their mouth parts and through literature 
Naumann et al. (1970). The ants were excluded from the feeding guild analysis as a 
majority of them are omnivores. The voucher specimens are housed in ATREE Insect 
Museum (AIM-B) for further taxonomic studies and future references. 
 
Table 2.1 Details of the study sites under active and passive restoration management along with 
its restoration age. 
Sites Codes Area (ha) Restoration Management Age (years) 
Anaikatty forest N1 139.2 Nil ― 
Anaikatty forest N2 381.57 Nil ― 
Anaikatty forest N3 692.3 Nil ― 
Anaikatty forest N4 193.9 Nil ― 
Kottathara S1 45.71 Passive 2 
Kottathara S2 10.77 Active 5 
Kottathara S3 17 Active 3 
Marapallam S4 35.04 Active 2 
Marapallam S5 149.51 Passive 3 
Vananthara S6 25.78 Active 3 
Thailapady S7 22.29 Passive 5 
Thailapady S8 16.43 Active 2 
Kulukoor S9 29.75 Active 2 
Thoova S10 34.57 Active 3 
Matathakkad S12 13.69 Active 2 
Matathakkad S13 33.06 Active 5 
Matathakkad S14 153.29 Passive 5 
Kottathara Chantha S16 17.19 Passive 2 
Pattimalam S17 31.73 Passive 2 
Ranganathapuram S18 24.65 Active 3 
Melechundampatty S19 43.07 Passive 3 
Karathur S20 87.74 Passive 5 
Vellamari S21 7.84 Active 5 
Kottathara Chantha S22 23.52 Active 5 
Thekkumukiyoor S23 26.16 Passive 3 
Pattanakal S25 155.37 Passive 3 
Cheerakkadavu S26 84.91 Passive 5 
Chavadiyoor S27 49.4 Passive 2 
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Figure 2.2 Schematic diagram showing the two transects (white bars) within the study site (a); 
plots (10 X 10 m) along the linear transect at fixed distance intervals between plot centroids (b); 
and the nested subplots (5 X 5 m and 1 X 1 m) within the 10 X 10 m, including the location of 
pitfall trap (black dot) (c). 
Vegetation 
Characterizing sites by restoration management and age - a common practice in 
restoration ecology - tends to ignore site-specific differences in physical habitat 
structure. Sites belonging to the same restoration management or restoration age may 
in fact not be true replicates of one another with respect to resources for insects, 
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resulting in differences in the ground-dwelling insect community among "replicate" 
areas. Site-specific features make true replication of landscapes difficult. Therefore, it 
is important to quantify site characteristics to determine to what degree a site is truly 
representative of a broader category such as the type of restoration management and 
age. This was attained by measuring a variety of habitat variables (vegetation 
structure and plant species composition) at each site, which were then compared 
among restoration management and restoration age. 
The woody plants were sampled from June 2007 to February 2008. At each site, two 
transects of 300 m X 10 m were laid at least 30 m inside the site to minimize the edge 
effect. Along each transect, five 10 m2 plots were laid with ~60 m between the 
successive plot centroids, leaving 25 m from both ends (Figure 2.2 a and b). In each 
of these 10 m2 plot, all the woody vegetation greater than 2.5 cm DBH (diameter at 
breast height) was recorded. In case of multi-stemmed plants, all stems greater than 1 
cm DBH were counted, and their DBH was summed. Individuals of all woody species 
were identified in the field whenever possible; samples of unidentified species were 
collected and later identified using Gamble and Fischer (1935) and Vajravelu (1990). 
Furthermore, a range of vegetation structural attributes at each site were surveyed. 
These attributes included canopy cover, basal area, densities of woody stems in a 
range of height and diameter categories, under storey shrub density and grass cover. 
The canopy cover was estimated in each of the 10 m2 plot centroid using a spherical 
densiometer. The under storey shrubby stems (individuals with < 1.5 m height and 
DBH < 1 cm) were enumerated within a 5 m2 subplot nested within each 10 m2 plots. 
The grass cover within the 1 m2 plot centred on the 10 m2 plot centroid was estimated 
visually by a single observer. For height and diameter categories, the woody stems 
were classified into four height classes (2–5, 5–10, 10–15, and >15 m) and four 
diameter classes (2–5, 5–10, 10–20, and >20 cm DBH). For each site, the median 
values of canopy cover and grass cover are expressed in percentage, while the values 
for DBH and height classes for woody stems are expressed as stems per hectare. 
Data analysis 
Ground-dwelling insects 
The sampling efficiency of pitfall traps for collecting ground-dwelling insects was 
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determined by comparing the inventory completeness values for all the sites, where 
the inventory completeness value is the ratio of observed richness to incidence based 
non parametric richness estimators (Chao 2, ICE and second order Jackknife) 
calculated using ESTIMATES 8.2 package (Colwell 2009). The occurrence based 
species richness estimators were chosen because they provide better estimates when 
the sample size is small and when sampling is done in homogeneous habitats (Colwell 
and Coddington 1994, Chazdon et al. 1998, Magurran 2004). Calculations were based 
on 100 randomizations of the species X 10 traps data matrix of each site. The value 
for inventory completeness ranges from 0 to 100 %, where a value closer to 100 % 
indicates that most species were encountered at a given site. 
The data analysis mainly involved comparison of alpha (species richness and 
abundance) and beta (species composition) diversity across the four sampling events 
to see if there were any seasonal variations. This was followed by testing for 
differences in alpha and beta diversity across the two restoration management and 
across the trajectory of restoration age within each of the restoration management. For 
comparing the alpha diversity, six datasets were derived from the insect database viz. 
(1) entire ground-dwelling insects; (2) ants; (3) beetles; (4) detrivores; (5) herbivores; 
and (6) predators. Here, the species richness of a site was defined as the total number 
of species from the ten pitfall traps, while the total number of individuals from the ten 
traps was summed to derive a single abundance value for each site. The species 
richness and abundance were compared between the two restoration managements 
using non-parametric two sample test (Mann-Whitney U test). Following this, species 
richness and abundance were compared within each of the restoration management 
using non-parametric ANOVA (Kruskal-Wallis test) across a trajectory of restoration 
age. 
The species compositions of ground-dwelling insects were compared across all the 
sites that represented the two restoration management along with the reference sites 
and are represented by the community matrices with species as rows and sites as 
columns. A non-metric multidimensional scaling ordination (NMDS) was performed 
in R statistical software (R Development Core Team 2011) to visualize the ordination 
structure of the sites based on the ground-dwelling insect community composition 
(Anderson 2001). Prior to NMDS, the insect community data matrix was transformed 
based on the Bray-Curtis dissimilarity measure. The grouping of sites was based on 
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the stress value of the NMDS ordination. A stress value below 20 signifies that the 
ordination provides a useful description of the information in the distance matrix 
(Legendre and Anderson 1999). In addition, stress refers to the amount of information 
lost between values in the distance matrix and the inter-point distances plotted in the 
ordination. It is the equivalent to the sum of the squared residuals of regression 
analysis. In the case of NMDS, the stress formula is based on the sum of the squared 
differences between the fitted distances and the expected distance values from the 
regression function (Legendre and Legendre 1998). To identify groups of sites, 
confidence ellipses were overlaid on the graph representing one standard deviation 
from the centroid of each group. 
As a complement to NMDS ordination procedure, a three-way permutational 
multivariate ANOVA using the software PERMANOVA (Anderson 2005) with 
sampling season, restoration management and restoration age was performed. The 
non-parametric multivariate analysis such as Permutational Multivariate Analysis of 
Variance (permutational MANOVA) is highly relevant in statistically testing the 
effects of the factors on the species composition (Anderson 2001), which can handle 
large multiple species datasets containing more species than replicates with matrix 
having numerous zeros or species absences (McArdle and Anderson 2001). For this 
analysis, the site specific data on species abundance matrix was standardized by row 
totals, and Bray-Curtis distance measure was used as the basis for the permutational 
MANOVA with 9999 permutations. In addition, pair-wise comparisons based on 
Monte-Carlo randomization (4999 permutations) were performed to test for the 
differences in the levels of each factor whenever a factor was found significant in the 
permutational MANOVA analysis. However, the reference sites were excluded from 
this analysis to retain a balance design. 
Vegetation 
To verify if the sites formed true replicates of the restoration management and the age 
categories, the vegetation structural attributes and woody-plant species compositions 
were compared. The data collected on the six vegetation structural attributes are 
presented in two ways: first, as comparisons of the mean values across the restoration 
management types along with those of the reference sites, and second, as comparisons 
of the mean values across the restoration age within the two restoration management 
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regimes. 
Furthermore, a non-metric multidimensional scaling ordination (NMDS) was 
performed to visualize the ordination structure of the sites based on the woody plant 
community composition (Anderson 2001). Prior to NMDS, the woody plants 
community data matrix was transformed based on the Bray-Curtis dissimilarity 
measure. To identify groups of sites, confidence ellipses were overlaid on the graph 
representing one standard deviation from the centroid of each group. In addition, a 
two-way permutational multivariate ANOVA with restoration management and 
restoration age was performed. For this analysis, the site specific data on species 
abundance matrix was standardized by row totals and Bray-Curtis distance measure 
was used as the basis for the permutational MANOVA with 9999 permutations. In 
addition, pair-wise comparisons based on Monte-Carlo randomization (4999 
permutations) were performed to test for the differences in the levels of each factor 
whenever a factor was found significant in the permutational MANOVA analysis. 
Results 
Insect diversity and composition 
A total of 90,908 individuals representing 272 morphospecies belonging to 69 
families and 11 Orders were captured from the 1,120 pitfall traps (Appendix 1). A 
majority of these insects were ants (Fam: Formicidae; ~ 81 per cent), spring tails 
(Order: Collembola; ~ 13.5 per cent), and beetles (Order: Coleoptera; ~ 3.2 per cent). 
Among the ants, a majority were the invasive yellow crazy ants Anoplolepis 
gracilipes (~ 71 per cent). Similarly, ants represented higher number of 
morphospecies followed by beetles with 97 and 63, respectively. For the functional 
feeding guild analysis, 16,942 individuals belonging to the three functional groups 
(FGs) were considered (Appendix 2). Among the functional guilds, the detrivores 
were the most abundant (86.5%), while the predators and herbivores were 8.1 and 5.3 
per cent, respectively. Among the detrivores, Collembola were the most abundant 
(90% distributed among five morphospecies), while the Coleoptera were most diverse 
with 29 morphospecies. Among the predators, coleopterans comprising carabid 
beetles (Fam: Carabidae) were the most abundant, while the hymenopterans were 
most diverse with 25 morphospecies. Among the herbivores, Orthopterans were the 
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most abundant. 
On comparing the trap catches, the number of species significantly differed across the 
four sampling events (non-parametric ANOVA: χ2 (3, 21) = 15.04; p < 0.01). Further 
pairwise comparisons among sampling events based on Mann-Whitney U test 
revealed that there were no differences in species richness within a sampling year 
(January and May 2008: W (1, 23) = 305.5, p = 0.72; and January and May 2009: W (1, 23) 
= 241, p = 0.33), but the differences were significant across successive year of insect 
sampling (January 2008 and January 2009: W (1, 23) = 169, p < 0.05; January 2008 and 
May 2009: W (1, 23) = 151.5, p < 0.01; May 2008 and January 2009: W (1, 23) = 164.5, p 
< 0.05; and, May 2008 and May 2009: W (1, 23) = 147, p < 0.01). In contrast to species 
richness, the number of individuals did not show any difference across the four 
sampling events (non-parametric ANOVA: χ2 (3, 21) = 1.835; p = 0.60). Since species 
richness and abundance did not show significant variations within a particular 
sampling year, the trap catches from all the sampling events were pooled for further 
analysis. 
The inventory completeness values for ground-dwelling insects for each site varied 
for each estimator. In general, the completeness values were generally high (IC 
values > 60 %; Table 2.2), which indicated that most ground-dwelling insect species 
from the respective sites were sufficiently sampled using pitfall traps. Thus, the 
inventories were considered as comparable among the sampled sites. 
The species richness of the ground-dwelling insects were generally higher in the 
restored sites (median ± median absolute deviation: 47 ± 3.7; n = 24) of Attappady 
hills than compared to the reference sites (26 ± 0.74; n = 4) of the Anaikatty forests. 
Similarly, the abundance of the ground-dwelling insects were higher in the restored 
sites (1701 ± 725; n = 24) than compared to the reference sites (351.5 ± 17.8; n = 4). 
Across the two restoration management regimes, the species richness and abundance 
did not differ much between the active and passive sites, except for herbivores and 
predators (Table 2.3). However, high median absolute deviations of insect abundances 
within each of the restoration management indicated high variability among replicate 
sites. Similar range values of insect abundances across the two restoration 
management indicated likely similarities in habitat features among the sites. In 
agreement with the previous results, the species richness and abundances of various 
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insect groups were characterised by high median absolute deviations and similar 
range values when compared across the age trajectory of active and passive sites 
(Table 2.4). This indicated that the sites within a particular restoration age were not 
true replicates due to likely variability in the habitat features. Although in most cases, 
the non-parametric ANOVA indicated significant differences in the species richness 
and abundances, pair-wise comparisons indicated that the values were significantly 
lower in the reference sites but none among the pairs of the restoration age. 
Table 2.2 Summary of the estimated species richness and the corresponding inventory 
completeness values (IC) for ground-dwelling insects based on the three non- parametric richness 
estimators. 
SITE Chao 2   Jackknife 2   ICE 
  Mean ± SD IC (%)   Mean ± SD IC (%)   Mean ± SD IC (%) 
N1 25.3 ± 0.85 99 27.12 ± 1.64 92 25.6 ± 0.63 98 
N2 26.9 ± 1.66 97 29.68 ± 2.16 88 26.97 ± 0.91 96 
N3 27.8 ± 2.63 94 31.08 ± 2.61 84 27.88 ± 1.03 93 
N4 35.73 ± 4.89 87 40.52 ± 2.97 77 34.81 ± 1.81 89 
S1 51.5 ± 3.78 91 58.59 ± 3.54 80 55.21 ± 2.11 85 
S2 51.97 ± 5.85 89 57 ± 2.9 81 50.06 ± 1.34 92 
S3 57.35 ± 3.37 85 58.55 ± 3.34 84 60.04 ± 3.68 82 
S4 61.38 ± 13.7 70 64.99 ± 4.14 66 59.28 ± 4.02 73 
S5 39.85 ± 8.95 75 44.32 ± 3.34 68 40.25 ± 2.84 75 
S6 53.99 ± 5.78 87 59.76 ± 4.38 79 52.43 ± 2.5 90 
S7 85.3 ± 5.45 87 83.99 ± 4.16 88 85.64 ± 2.96 86 
S8 52.72 ± 10.12 76 54.34 ± 3.74 74 45.88 ± 2.86 87 
S9 35.78 ± 3.96 89 40.68 ± 2.86 79 35.98 ± 1.84 89 
S10 28.1 ± 1.69 85 33.99 ± 7.89 71 30.29 ± 2.19 79 
S12 60.27 ± 6.14 80 63.61 ± 2.89 75 53.5 ± 1.95 90 
S13 64.51 ± 4.95 71 71.25 ± 3.76 65 61.78 ± 3.68 74 
S14 64.99 ± 4.74 71 68.48 ± 3.91 67 60.89 ± 5.15 76 
S16 62.85 ± 12.7 68 71.32 ± 3.81 60 62.48 ± 6.19 69 
S17 57.58 ± 13.93 69 59.47 ± 3.93 67 52.72 ± 3.66 76 
S18 62.61 ± 11.29 78 66.72 ± 2.9 73 57.02 ± 2.14 86 
S19 62.81 ± 14.84 75 61.7 ± 4.49 76 59.18 ± 6.1 79 
S20 64.39 ± 9.45 76 73.49 ± 4.48 67 70.44 ± 4.86 70 
S21 61.64 ± 9.27 81 68.32 ± 3.28 73 61.47 ± 2.66 81 
S22 62.63 ± 14.2 72 63.22 ± 3.64 71 55.24 ± 2.5 81 
S23 50.63 ± 3.33 95 55.39 ± 3.39 87 51.66 ± 1.56 93 
S25 72.24 ± 7.9 86 81.08 ± 3.88 76 73.01 ± 2.42 85 
S26 87.18 ± 11.35 81 93.99 ± 5.3 76 81.96 ± 3.5 87 
S27 73.28 ± 11.65 82   70.02 ± 4.99 86   69.33 ± 3.76 87 
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Table 2.3 Comparison of species richness (S) and abundance (A) of various insect assemblages 
between the active and passive restoration based on the median ± median absolute deviation 
(Median ± MAD) and Mann-Whitney U test (** p significant at α = 0.01; *** p significant at α = 
0.001; range values are given in parenthesis). 
Response Community Active   Passive   Mann-Whitney U 
variable   median ±  MAD    median ±  MAD    Test P-value 
S Gd insects 46 ± 4.44 47.5 ± 8.89 49.5 0.21 
(24 – 50) (30 – 74) 
Ants 18 ± 5.18 18.5 ± 6.67 60 0.51 
(6 – 29) (6 – 33) 
Beetles 11 ± 2.9 14 ± 3.7 42 0.08 
(7 – 17) (9 – 25) 
Detrivores 12 ± 2.96 14 ± 1.48 36 0.06 
(5 – 21) (11 – 28) 
Herbivores 23.5 ± 8.89 9 ± 1.48 141 6.5 X 10-5*** 
(11 – 44) (5 – 15) 
Predators 6 ± 2.22 7 ± 2.96 60.5 0.52 
(3 – 9) (3 – 13) 
A Gd insects 3861 ± 3384 1190 ± 751 77.5 0.49 
(538 – 14103) (530 – 21997) 
Ants 2546 ± 2120 989 ± 825 86 0.44 
(422 – 12998) (413 – 13226) 
Beetles 88.5 ± 86.7 112.5 ± 54.7 62.5 0.61 
(27 – 280) (43 – 343) 
Detrivores 116 ± 110 140.5 ± 70.4 71.5 0.9 
(22 – 2306) (55 – 8697) 
Herbivores 24 ± 4.44 24 ± 9.63 67 0.97 
(11 – 44) (15 – 50) 
Predators 33.5 ± 13.34 46 ± 12.60 26 0.008** 
    (10 – 68)   (35 – 74)       
The first axis of the NMDS ordination for the ground-dwelling insect community 
composition accounted for 45% of the variation, while the second axis accounted for 
20%, with a stress value of 14.30. It depicted a clear separation of species 
compositions of insects between the restored sites and the reference sites (Figure 2.3). 
However, the active and passive sites were clustered together and the confidence 
ellipses overlapped. The smaller confidence ellipse around the sites from the 
Anaikatty forests indicated less variance between the reference sites. In contrast, the 
larger confidence ellipses around the active and passive sites indicated higher 
variances among the respective replicate sites. The non-parametric multivariate three-
way ANOVA indicated that the community composition of the ground-dwelling 
insects did not differ significantly between the two restoration management types and 
the restoration age (Table 2.5), confirming the results from the NMDS ordination 
(Figure 2.2). However, the community composition of the ground-dwelling insects 
significantly differed across the four sampling events (Table 2.5). 
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A pair-wise comparison indicated significant difference between the ground-dwelling 
insect composition associated with successive year of sampling (January 2008 and 
January 2009: t (1, 47) = 3.18, p < 0.01; January 2008 and May 2009: t (1, 47) = 7.46, p < 
0.01; May 2008 and January 2009: t (1, 47) = 2.36, p < 0.05; and, May 2008 and May 
2009: t (1, 47) = 6.18, p < 0.01), but not within a particular year of sampling (January 
and May 2008: t (1, 47) = 0.567, p = 0.92; and January and May 2009: t (1, 47) = 0.77, p = 
0.52); this confirms results from the univariate analysis of species richness across the 
sampling events. In general, the ground-dwelling insect compositions from the 
reference sites were different from those in the sites under restoration efforts, but the 
community compositions were not statistically different among the sites under active 
and passive management. 
Vegetation structure and composition 
The vegetation structural attributes of the reference sites were more complex than the 
sites under restoration. In general, the reference sites were characterised by high stem 
densities in the largest DBH and height class, high canopy cover and basal area, and 
lower grass cover (Table 2.6). However, the vegetation structural attributes did not 
vary much between the active and passive sites. In addition, high median absolute 
deviations indicated high variations in the structural attributes within the active and 
passive restoration management regimes. The range values for each attribute 
overlapped between the two restoration management indicating likely similarities in 
vegetation structure among the sites falling under the two restoration management. 
Similarly, the structural attributes were characterised by high median absolute 
deviations and similar range values when compared across the age trajectory of active 
and passive sites (Table 2.7), which indicated that the sites within a particular 
restoration age were not true replicates. Although in most cases, the non-parametric 
ANOVA indicated significant differences in the attributes; pair-wise comparisons 
indicated that the values were significantly different in the reference sites but none 
among the pairs of the restoration age. 
The first axis of the NMDS ordination for the woody plant species composition 
accounted for 50% of the variation, while the second axis accounted for 22%, with a 
stress value of 17.64. It depicted a clear separation between the restored sites and the 
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Table 2.4 Comparison of species richness and abundance of insect assemblages across the age trajectory of restoration sites based on the median ± median 
absolute deviation (Median ± MAD) and Kruskal-Wallis ANOVA (S species richness; A abundance; * p sign ificant at α = 0.05; ** p significant at α = 0.01; 
range values are given in parenthesis. Values in bold indicates that the values are significantly different based on pairwise comparisons). 
Management  Community Restoration age     Kruskal – Wallis 
type Type 2 years 3 years 5 years Reference Test statistic P – value 
    median ±  MAD  median ±  MAD  median ±  MAD  median ±  MAD        
Active 
S Gd insect 41.5 ± 5.93 48 ± 1.48 45.5 ± 0.74 26 ± 0.74 6.73 0.08 
(32 – 48) (24 – 49) (45 – 50) (25 – 31) 
Ants 15.5 ± 3.7 18 ± 2.22 19 ± 2.96 16.5 ± 0.74 1.53 0.67 
(12 – 29) (6 – 21) (12 – 23) (16 – 17) 
Beetles 9.5 ± 2.22 13 ± 0.74 12.5 ± 4.44 3.5 ± 0.74 9.82 0.02* 
(7 – 12) (7 – 14) (9 – 17) (3 – 4) 
Detrivores 9.5 ± 2.22 11.5 ± 1.48 13.5 ± 2.22 5 ± 0.74 10.98 0.01* 
(5 – 12) (10 – 15) (12 – 21) (4 – 6) 
Herbivores 6 ± 0.1 10 ± 3.71 7.5 ± 0.74 2.5 ± 1.48 7.04 0.06 
(6 – 10) (2 – 13) (6 – 8) (1 – 5) 
Predators 6.5 ± 2.22 5.5 ± 1.48 6.5 ± 2.22 2 ± 0.1 6.67 0.08 
(5 – 9) (4 – 8) (3 – 9) (2 – 5) 
A Gd insects 2402 ± 1216 2527 ± 2490 5456 ± 4126 351.5 ± 17.8 9.22 0.02* 
(747 – 3861) (538 – 5081) (577 – 14103) (339 – 410) 
Ants 2237 ± 1249 1888 ± 1559 5231 ± 4004 308 ± 2.22 9.83 0.02* 
(422 – 3779) (462 – 3169) (438 – 12908) (292 – 311) 
Beetles 115 ± 95.62 68.5 ± 58.72 88.5 ± 18.53 30.5 ± 20.75 5.18 0.15 
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(28 – 280) (27 – 214) (69 – 173) (8 – 62) 
Detrivores 112 ± 87.47 343 ± 263 134.5 ± 85 26 ± 20.5 5.68 0.12 
(37 – 289) (22 – 2264) (77 – 1061) (10 – 70) 
Herbivores 21.5 ± 3.71 28 ± 11.11 30.5 ±11.86 9.5 ± 5.9 7.73 0.06 
(14 – 26) (11 – 38) (21 – 44) (2 – 15) 
Predators 29 ± 9 36 ± 15.5 35.5 ± 11.11 15.5 ± 6.67 7.11 0.06 
(10 – 36) (25 – 49) (23 – 68) (11 – 23) 
Passive 
S Gd insects 45 ± 5.18 47.5 ± 11.11 60 ± 18.5 26 ± 0.74 9.29 0.02* 
(40 – 60) (30 – 62) (46 – 74) (25 – 31) 
Ants 16.5 ± 3 20.5 ± 6 23 ± 5.9 16.5 ± 0.74 5.97 0.11 
(11 – 19) (6 – 25) (18 – 33) (16 – 17) 
Beetles 14 ± 2.22 11.5 ± 1.48 18 ± 5.93 3.5 ± 0.74 10.8 0.01* 
(9 – 17) (10 – 14) (12 – 25) (3 – 4) 
Detrivores 13.5 ± 2.22 13.5 ± 0.74 18.5 ± 6 5 ± 0.74 10.14 0.01* 
(11 – 20) (13 – 15) (13 – 28) (4 – 6) 
Herbivores 10 ± 0.74 6 ± 0.74 9.5 ± 1.48 2.5 ± 1.48 11.89 0.007** 
(9 – 15) (5 – 9) (8 – 11) (1 – 5) 
Predators 7 ±0.74 8 ± 4.44 6.5 ± 1.48 2 ± 0.1 7.13 0.06 
(3 – 8) (5 – 13) (5 – 9) (2 – 5) 
A Gd insects 1310.5 ± 751.67 921 ± 361 3409 ± 3290 351.5 ± 18 10.32 0.01* 
(687 – 4351) (538 – 3851) (1088 – 21997) (339 – 410) 
Ants 1087.5 ± 825 685 ± 260 3173 ± 2927 308 ± 2.22 10.33 0.01* 
(435 – 4218) (413 – 3638) (946 – 13226) (292 – 311) 
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Beetles 99 ± 30.5 91 ± 55 130 ± 44 31 ± 21 7.87 0.04* 
(43 – 210) (49 – 146) (71 – 343) (8 – 62) 
Detrivores 106 ± 60 131 ± 39 151 ± 60 26 ± 20 8.04 0.04* 
(55 – 234) (70 – 164) (75 – 8697) (10 – 70) 
Herbivores 32.5 ± 12.68 23.5 ± 9 26 ± 9.6 9.5 ± 6 9.01 0.02* 
(24 – 50) (16 – 44) (15 – 35) (2 – 15) 
Predators 45.5 ± 14 40 ± 1.48 51.5 ± 11.11 15.5 ± 7 8.72 0.03* 
    (35 – 67) (39 – 74) (37 – 70) (11 – 23)       
 
 
Table 2.5 PERMANOVA results for sampling seasons, 
restoration management and restoration age representing 
the three factors being tested against the ground-dwelling 
insect species composition. 
Source Df Pseudo-F P-value (MC) 
Sampling season 3 3.7356 0.0001 
Management 1 1.0615 0.3525 
Restoration age 2 0.9333 0.7247 
Residual 89 
Total 95     
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Figure 2.3 Non-metric multidimensional scaling (NMDS) scatterplot of ground-dwelling insects 
sampled from the sites in the Attappady - Anaikatty region. The ellipses (± SD) are drawn 
according to the restoration management (solid line – reference sites, dashed line – Active 
restoration, dotted line – Passive restoration). 
reference sites (Figure 2.4). However, the active and passive sites were clustered 
together and the confidence ellipses overlapped. The smaller confidence ellipse around 
the sites from the Anaikatty forests indicated less variance among the reference sites. 
In contrast, the larger confidence ellipses around the active and passive sites indicated 
higher variances among its respective replicate sites. The non-parametric multivariate 
two-way ANOVA indicated that the community composition of the woody plants did 
not differ significantly between the two restoration management (pseudo-F (1, 23) = 
1.6174, p (MC = 9999) = 0.07) and the restoration age (pseudo-F (1, 23) = 0.5629, p 
(MC = 9999) = 0.91), confirming the results from the NMDS ordination (Figure 2.4). 
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Table 2.6 Comparison of vegetation structural attributes between the active and passive restoration based on the 
median ± median absolute deviation (Median ± MAD) and Mann-Whitney U test (DBH diameter at breast height; HC 
height class; Sh shrub height; * p significant at α = 0.05; DBH, HC and Sh are expressed as stems per hectare; Range values 
are given in parenthesis; Values of reference sites are included for general comparison). 
Structural Active   Passive   Reference   Mann-Whitney U 
attributes median ±  MAD    median ±  MAD    median ±  MAD    Test P-value 
Canopy Cover (%) 60 ± 7.41 50 ±14.28 95 ± 7.41 73.5 0.93 
(20 – 80) (40 – 80) (80 – 100) 
Basal area (m2/ha) 3.31 ± 1.82 5 ± 2.61 19.28 ± 0.64 40 0.06 
(1.65 – 7.22) (2.79 – 9.43) (16.83 – 19.73) 
DBH (2 - 5 cm) 750 ± 163 660 ± 137 645 ± 133 86 0.43 
(240 – 940) (425 – 910) (410 – 780) 
DBH (5 - 10 cm) 297 ± 218 267 ± 100 467 ± 103 75.5 0.86 
(85 – 475) (135 – 605) (330 – 660) 
DBH (10 - 20 cm) 60 ± 50 110 ± 29 165 ± 51 48 0.17 
(10 – 210) (40 – 190) (110 – 220) 
DBH (> 20 cm) 30 ± 22 62 ± 37 170 ± 7 34.5 0.03* 
(5 – 85) (5 – 130) (45 – 180) 
HC (2 - 5 m) 227 ± 85 180 ± 170 8 ± 3 83.5 0.52 
(40 – 565) (30 – 540) (0 – 15) 
HC (5 - 10 m) 655 ± 252 575 ± 126 695 ± 48 69 0.88 
(320 – 1010) (460 – 1060) (660 – 740) 
HC (10 - 15 m) 140 ± 110 215 ± 192 545 ± 185 59.8 0.48 
(0 – 380) (5 – 410) (345 – 785) 
HC (> 15 m) 2 ± 0.64 15 ± 7 100 ± 51 51 0.21 
(0 – 8) (0 – 135) (45 – 300) 
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Sh (0.5 m) 51 ± 38 39 ± 25 59 ± 18 94.5 0.22 
(12 – 118) (18 – 90) (37 – 86) 
Sh (1 m) 71 ± 23 75 ± 16 70 ± 11 65 0.71 
(29 – 97) (17 – 95) (49 – 81) 
Shb (1.5 m) 3 ± 1 20± 11 4 ± 1 29 0.011* 
(0 – 25) (1 – 33) (0 – 18) 
Grass 60 ± 10 60± 20 10 ± 5 74.5 0.91 
Cover (%) (45 – 75)   (30 – 90)   (5 – 15)       
 
Table 2.7 Comparison of various vegetation structural attributes across the restoration age within the two restoration management (active and 
passive) based on the median ± median absolute deviation (Median ± MAD) and Kruskal-Wallis ANOVA (DBH diameter at breast height; HC height 
class; Sh shrub height; * p significant at α = 0.05; DBH, HC and Sh are expressed as stems per hectare; Range values are given in parenthesis; Values of 
reference sites are included for general comparison). 
Restoration Structural Restoration age   Kruskal-Wallis ANOVA 
Management attributes 2 years 3 years 5 years Reference Test P-value 
    median ±  MAD  median ±  MAD  median ±  MAD  median ±  MAD        
Active Canopy Cover (%) 50 ± 30 60 ±10 60 ± 5 95 ± 7.41 8.791 0.03* 
(20 – 80) (40 – 70) (40 – 60) (80 – 100) 
Basal area  (m2/ha) 4.41 ± 2.23 3.82 ± 2.3 2.82 ± 0.75 19.28 ± 0.64 9.33 0.02* 
(1.92 – 7.22) (2.23 – 6.22) (1.65 – 3.47) (16.83 – 19.73) 
DBH (2 - 5 cm) 628 ± 203 797 ± 78 683 ± 174 645 ± 133 3.69 0.29 
(240 – 770) (655 – 885) (505 – 940) (410 – 780) 
DBH (5 - 10 cm) 280 ± 267 325 ± 78 228 ± 119 467 ± 103 5.25 0.15 
(85 – 475) (255 – 465) (145 – 325) (330 – 660) 
DBH (10 - 20 cm) 123 ± 78 68 ± 55 48 ± 19 165 ± 51 6.15 0.1 
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(25 – 210) (10 – 160) (10 – 65) (110 – 220) 
DBH (> 20 cm) 38 ± 20 35 ± 30 28 ± 8 170 ± 7 7.1 0.06 
(20 – 85) (15 – 55) (5 – 35) (45 – 180) 
HC (2 - 5 m) 212 ± 201 250 ± 37 210 ± 30 8 ± 3 8.93 0.02* 
(40 – 565) (210 – 505) (175 – 290) (0 – 15) 
HC (5 - 10 m) 400 ± 112 738 ± 104 605 ± 123 695 ± 48 2.98 0.39 
(320 – 1010) (645 – 955) (500 – 850) (660 – 740) 
HC (10 - 15 m) 195 ± 171 171 ± 145 118 ± 100 545 ± 185 8.13 0.04* 
(5 – 380) (20 – 330) (0 – 315) (345 – 785) 
HC (> 15 m) 34 ± 25 2 ± 0.64 1 ± 0.21 100 ± 51 10.15 0.01* 
(0 – 75) (0 – 20) (0 – 5) (45 – 300) 
Sh (0.5 m) 84 ± 28 64 ± 29 36 ± 20 59 ± 18 5.16 0.16 
(43 – 118) (39 – 95) (12 – 54) (37 – 86) 
Sh (1 m) 72 ± 19 56 ± 11 87 ± 7 70 ± 11 4.19 0.24 
(29 – 97) (45 – 72) (64 – 94) (49 – 81) 
Shb (1.5 m) 3 ± 1.48 5 ± 3.5 11 ± 7 4 ± 1 0.23 0.97 
(0 – 25) (1 – 10) (0 – 25) (0 – 18) 
Grass cover (%) 60 ± 10 60± 15 60± 5 10 ± 5 8.75 0.03* 
(45 – 65) (50 – 75) (60 – 75) (5 – 15) 
Passive Canopy Cover (%) 45 ± 10 45 ±7.41 65 ± 8.12 95 ± 7.41 8.89 0.03* 
(40 – 70) (40 – 80) (40 – 70) (80 – 100) 
Basal area  (m2/ha) 3.43 ± 0.67 7.71 ± 2.13 5 ± 0.33 19.28 ± 0.64 9.55 0.02* 
(2.90 – 7.49) (2.79 – 9.45) (4.69 – 5.96) (16.83 – 19.73) 
DBH (2 - 5 cm) 660 ± 67 668 ± 178 630 ± 226 645 ± 133 0.12 0.98 
(555 – 740) (500 – 875) (425 – 910) (410 – 780) 
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DBH (5 - 10 cm) 235 ± 78 275 ± 63 295 ± 112 467 ± 103 6.2 0.1 
(135 – 305) (200 – 605) (170 – 390) (330 – 660) 
DBH (10 - 20 cm) 93 ± 26 120 ± 41 120 ± 22 165 ± 51 5.37 0.14 
(40 – 125) (75 – 190) (80 – 140) (110 – 220) 
DBH (> 20 cm) 38 ± 7.41 78 ± 41 63 ± 19 170 ± 7 4.72 0.19 
(30 – 130) (5 – 125) (35 – 85) (45 – 180) 
HC (2 - 5 m) 285 ± 119 110 ± 74 155 ± 133 8 ± 3 9.28 0.02* 
(140 – 465) (50 – 540) (30 – 410) (0 – 15) 
HC (5 - 10 m) 538 ± 19 705 ± 200 705 ± 282 695 ± 48 2.4 0.49 
(525 – 600) (460 – 1090) (510 – 930) (660 – 740) 
HC (10 - 15 m) 150 ± 130 293 ± 37 163 ± 148 545 ± 185 7.21 0.06 
(5 – 410) (20 – 335) (50 – 370) (345 – 785) 
HC (> 15 m) 5 ± 3.7 7.4 ± 5 10 ± 7.4 100 ± 51 6.76 0.07 
(0 – 10) (0 – 135) (5 – 75) (45 – 300) 
Sh (0.5 m) 54 ± 25 29 ± 10 43 ± 11 59 ± 18 1.83 0.6 
(18 – 70) (20 – 86) (29 – 90) (37 – 86) 
Sh (1 m) 69 ± 7.41 80 ± 13 79 ± 15 70 ± 11 1.36 0.71 
(64 – 77) (38 – 95) (17 – 92) (49 – 81) 
Shb (1.5 m) 17 ± 10 19 ± 16 21 ± 10 4 ± 1 4.25 0.21 
(1 – 24) (1 – 33) (11 – 29) (0 – 18) 
Grass cover (%) 70 ± 20 65 ± 15 50 ± 15 10 ± 5 8.62 0.03* 
    (30 – 95) (35 – 75) (35 – 75) (5 – 15)       
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Figure 2.4 Non-metric multidimensional scaling (NMDS) scatterplot of woody plants sampled 
from the sites in the Attappady - Anaikatty region. The ellipses (± SD) are drawn according to the 
restoration management (solid line – reference sites, dashed line – active restoration, dotted line – 
passive restoration). 
Discussion 
The ground-dwelling insect communities of the degraded forests under restoration in 
the eastern Attappady landscape were distinct from those in the relatively less 
disturbed mixed dry deciduous forests of the adjoining Anaikatty hills. The major 
differences in the ground-dwelling insect communities were particularly highlighted 
by significantly higher species richness and individuals of various insect groups and 
feeding functional guilds in the restored sites than compared to the reference sites. The 
lower species richness and abundances of ground-dwelling insects in the reference 
sites can be attributed to single sampling method. Although pitfall trapping was the 
only sampling method incorporated, it is inefficient in sampling all litter-dwelling 
insects. Therefore, incorporating appropriate litter sampling method such as Winkler 
method for leaf litter insects would have yielded higher number of insect species from 
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the Anaikatty forests. On the contrary, restricting insect sampling to pitfall trapping 
was sufficient in capturing most of the insect species from the restored sites, which is 
evident from the inventory completeness values for the restored and reference sites. 
Pitfall trapping is efficient in capturing highly active, mostly polyphagous invertebrate 
predators such as ground beetles (Coleoptera: Carabidae), rowe beetles (Coleoptera: 
Staphylinidae) and ants (Hymenoptera: Formicidae) (Greenslade 1973, Uetz and 
Unzicker 1976, Thiele 1977, Frank 1991). Thus, the higher species richness and 
abundances of ground-dwelling insects in the restored sites is due to their specific 
habitat associations shown because of their active nature. Also, it could be 
hypothesised that most of the captured insect species of ants, ground and rowe beetles 
in the restored sites are habitat generalists, which are polyphagous predators not 
associated with either a particular host plant, or specific prey species. 
Active and passive restoration managements are two important strategies in aiding the 
recovery of large areas of deforested and degraded tropical lands. Few studies have 
directly compared active and passive restoration management and have found that the 
resulting vegetation structure and composition are likely to differ (Parrotta 1992, 
Carnevale and Montagnini 2002, Florentine and Westbrooke 2004). Such resulting 
differences in vegetation structure and composition influence several components of 
the habitat quality including resources for the faunal communities (Morrison and 
Lindell 2011). In this study, however, there were no such evidences found to elucidate 
the differences in vegetation structure and composition, or the ground-dwelling insect 
communities between the active and passive restoration. Primarily, depending on the 
classification scheme of sites by AHADS under different restoration managements had 
limitations for this study. In this case, it could be opined that the classification of sites 
(under active and passive restoration) prior to undertaking restoration activities based 
on vegetation cover alone is a crude method, which is insufficient to reflect the 
severity of past disturbance and management aspects (see Chapter 1). Further, the 
design of this study is complicated by the spatial proximities among the study sites. It 
is clearly evident from the vegetation structural data that there are huge variations 
among the “replicate” sites within the two restoration management. And based on the 
species composition of the woody plants, the sites were mostly ordinated according to 
their spatial proximities indicating a gradient or pattern in the distribution of woody 
species across the study region (see map for comparison with the ordination diagram; 
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Figure 2.1 and 2.3). Thus, the sites within active and passive restoration are pseudo-
replicates, and therefore, inferences from monitoring biodiversity recovery (both floral 
and faunal) based on the categorizations of sites under the two restoration management 
by AHADS may not be valid. 
Similarly, no evidences were found to infer that the ground-dwelling insect 
communities followed a recolonization pattern towards the reference conditions, when 
compared across the restoration age within the two restoration management regimes. 
Ideally, the chronosequence approach is only valid when the following premises are 
met: (1) All sites were the same prior to the disturbance; (2) The same magnitude of 
disturbance (Sousa 1984) was applied to the disturbed sites; (3) All restoration 
treatments applied to sites after the disturbance were the same. (4) All disturbed sites 
follow the same pattern or trajectory of recovery (i.e. spatial and temporal variation is 
equivalent) (Pickett 1989, Majer and Nichols 1998). These assumptions holds good for 
monitoring restoration in mined sites as mining involves complete removal of the 
vegetation, which is followed by standard restoration procedures. Further, sites 
representing different plant successional stages are observed as different sites are 
mined and restored at different points in time. However, most of these assumptions 
were not met in this study, and therefore the chronosequence approach has limited 
value in assessing the recolonization pattern of the ground-dwelling insects of this 
region. In addition, an age gap of approximately two years between the sites of the 
successive age along the trajectory of restoration did not allow for a clear difference 
among site characteristics such as vegetation structure and composition. For instance, 
many studies incorporating chronosequence method have selected sites with age gaps 
spanning many years (more than 10 years) that represents different successional stages 
(Aide et al. 2000, Baer et al. 2002, Fagan et al. 2008, Gould 2012). Thus, the accurate 
evaluation of the efficiency of restoration strategies and subsequent biodiversity 
recovery depends on designing appropriate experiments or surveys (Green 1979, 
Hurlbert 1984, Underwood 1991, 1992, Wiens and Parker 1995, Michener 1997, 
Underwood 1997). 
The planning and implementation of forest landscape restoration are limited to few 
years (usually 10 to 15 years), aiming at recreating an embryo ecosystem that will be 
fully developed after several decades (Sayer et al. 2004, Mansourian et al. 2005). 
Since these projects are time bound, restoration activities are often undertaken on an 
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urgent basis without any consideration for monitoring programs. As such, most 
monitoring programs fail to properly assess the outcomes of the restoration activities 
(Cortina et al. 2011). Instead of adopting a chronosequence based approach, the long 
term regular sampling will be a better choice for monitoring the biodiversity recovery. 
Here, the sites may be treated as individual entities that produce unreplicated survey 
design. In these no-replication situations, sampling could be done in the same restored 
sites and the reference sites over a long period of time (usually years). This method 
will allow one to identify trends in the data and decide whether the ecological 
community of the impacted sites resembles those in reference sites or not (Majer and 
Nichols 1998). Although expensive, this method becomes essential for post project 
monitoring in assessing the impact and recovery of ecological communities of the sites 
under restoration. 
 Finally, due to the lack of pre-restoration baseline data, it is recommended that the 
datasets pertaining to vegetation and ground-dwelling insects from this survey could 
be used as baseline data. In restoration ecology, baseline ecological inventory 
describes the salient attributes of the abiotic environment and important aspects of 
biodiversity such as species composition and community structure. In addition, it 
identifies the stressors (factors causing disturbances) that prevents the ecosystems’ 
resilience towards perturbations (SER 2004). From the perspectives of biodiversity 
recovery, the diversity and distribution of the biotic communities (here, woody plants 
and ground-dwelling insects) among these sites should be studied based on species 
dispersal ability and their responses to various disturbance factors. This will aid the 
restorationists to recognize various constraints (biotic and abiotic factors) that prevent 
the species recolonization into the degraded forest patches (currently under restoration) 
embedded within the matrix of other anthropogenic land uses. 
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CHAPTER 3 
Effects of Fragmentation and Degradation on the 
Dispersal Ability of the Woody Plant Communities in 
the Attappady hills: Implications for Restoration 
 
Introduction 
Seed dispersal plays a key role in structuring the distribution of species in plant 
communities, across a range of spatial scales, which results in different patterns of 
species diversity and composition across landscapes (Leibold et al. 2004, Cottenie 
2005). Usually, such spatial patterns in plant communities occur due to the movement 
of seeds based on different dispersal vectors, whether abiotic (e.g., wind) or biotic 
(e.g., frugivorous animals). These seed dispersal vectors operate at various spatial 
scales and consequently determine the dispersal ability of the plant species and the 
resultant community structure. Therefore, the diversity and composition of plant 
communities vary across different spatial scales in forested landscapes. 
 
When forest landscapes are altered due to fragmentation and habitat loss, the 
mechanisms of various dispersal vectors are affected and subsequently hinder species 
dispersal resulting in altered community structure. For instance, differences in habitat 
area or isolation may positively or negatively affect seed dispersal ability of a species. 
Passively dispersed species (e.g., mechanical dehiscence) negatively respond to 
fragmentation as they are short-distance dispersed species (De Melo et al. 2006, 
Lehouck et al. 2009, Melo et al. 2010). On the contrary, species with long-distance 
dispersal ability (e.g., wind) positively respond to fragmentation through transient 
crowding of individuals in habitat fragments (Augspurger and Hogan 1983, 
Augspurger 1986, Greene and Johnson 1993). 
 
Although dispersal is the only factor that accounts for the movement of species 
among fragmented habitats, local processes such as disturbance and biotic interactions 
may then determine their persistence within these habitat fragments. Hence, the 
relative importance of dispersal in structuring community composition compared to 
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other ecological processes remains an open question. This question could be answered 
by assessing the extent to which variation in diversity and composition relates to 
environmental conditions against spatial patterns in species distribution. Spatially 
correlated patterns of species distribution arise due to environmental variables that are 
also correlated in space, so that spatial dependence in species distribution may be a 
consequence of species responses to spatially correlated environmental variables 
(Borcard et al. 1992, Borcard et al. 2004). Alternatively, species distribution patterns 
may exhibit pure spatial dependence due to intra- or inter-specific interactions of 
individuals apart from their responses to environmental variation (Wagner 2003, 
Borcard et al. 2004). Therefore, dispersal limitation is often responsible for spatial 
patterns found in vegetation distributions (e.g. Duivenvoorden et al. 2002, Gilbert and 
Lechowicz 2004, Cottenie 2005). The relative effects of environmental and spatial 
components on species and its habitats yield general insights into where each 
ecological process predominates (Cottenie 2005, Karst et al. 2005, Jones et al. 2006, 
van de Meutter et al. 2007). For example, Greater habitat connectivity should reduce 
dispersal limitation and allow more effective species sorting, producing meta-
communities structured primarily by local ecological processes (Driscoll and 
Lindenmayer 2009). Better dispersed species such as wind dispersed species would 
also be expected to track environmental gradients (e.g., degradation) more closely at 
broader spatial scales (Beisner et al. 2006, van de Meutter et al. 2007, 
Vanschoenwinkel et al. 2007). Comparing species based on dispersal modes within 
the same community allows for testing how environmental and spatial control varies 
effectively. Hence, several studies have compared environmental and spatial effects 
on the distributions of plants with different dispersal strategies (Beisner et al. 2006, 
García et al. 2009, Flinn et al. 2010, Anderson et al. 2011). 
 
Studying the distribution of vegetation diversity and composition based on the seed 
dispersal modes in the fragmented habitats of the Attappady landscape has a direct 
relevance to the on-going restoration project by AHADS. These fragmented habitats, 
though were heavily managed in the past and are being in the present, they harbour 
remnants of native plant communities that reflect different levels of disturbance 
experienced. In the past, these fragmented habitats have been heavily used for timber, 
fuelwood and fodder  production using mainly Albizia amara (Roxb.) Boivin, Acacia 
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nilotica (L.) Willd, Cassia siamea Lam, and Eucalyptus spp. Therefore, studying the 
distribution of woody plants those were not assisted by any anthropogenic 
interventions (based on seed dispersal modes) among the habitat fragments will 
provide insights into how vegetation communities in these fragments were shaped by 
factors related to environmental disturbances. The knowledge gained from such 
studies provides adequate understanding about the underlying ecological processes 
that facilitate restorationists to adopt better restoration management. For example, the 
recolonization of short-distance dispersed species in highly degraded and isolated 
habitats may be limited due to non-availability of propagule sources (adult 
reproducing tree populations). Therefore, restorationists can identify and remove the 
environmental stressors (e.g., grazing, fuel wood collection, invasive species) to 
facilitate natural regeneration, and can incorporate planting of short-distance 
dispersed species which cannot reach the isolated habitats on its own. 
 
This study explores the relative strength of environmental and spatial controls over 
the distributions of woody plants (based on dispersal modes) across the degraded 
habitat fragments to specifically address two questions. (1) Do larger habitat 
fragments positively affect species diversity and composition of autochorous 
(passively dispersed) and zoochorous (animal dispersed) species, while negatively 
affecting that of anemochorous (wind dispersed) species? Here, species diversity and 
composition of anemochorous species are expected to be negatively affected by larger 
habitat fragments as wind dispersed species are expected to be the early colonizers of 
the smaller but degraded fragments. (2) Are species with short-distance dispersal 
mechanisms (autochory) more dispersal-limited than species with adaptations for 
long-distance dispersal such as zoochory and anemochory? These questions will be 
addressed by comparing the amount of variance in species richness and community 
composition explained by environmental and spatial variables, assuming that the 
distributions of more dispersal-limited species should relate more strongly to spatial 
patterns, and less dispersal-limited species should better track environmental 
gradients. If species with short-distance dispersal mechanisms meet these expectations 
for greater dispersal limitation, it would indicate that dispersal indeed constrains 
species’ recolonization into degraded fragments, and may indicate that facilitating 
natural regeneration may not be sufficient in restoring the fragmented forest patches. 
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Methods 
Data collection 
Vegetation 
The woody plants were sampled from the 28 study sites (Table 2.1 Figure 2.1), 
between June 2007 and February 2008, while the seedlings were enumerated during 
December 2007 to the end of January 2008. At each site, two transects of 300 m X 10 
m were laid at least 30 m inside the site to minimize the edge effect. Within each 
transect, five 10 m2 plots were laid with ~ 60 m between the successive plot centroids, 
leaving 25 m from both ends (Figure 2.2 a and b). In each of these 10 m2 plot, all the 
woody vegetation greater than 2.5 cm DBH (diameter at breast height) was recorded. 
In case of multi-stemmed plants, all stems greater than 1 cm DBH were counted, and 
their DBH was summed. Individuals of all woody species were identified in the field 
whenever possible; samples of unidentified species were identified using Gamble and 
Fischer (1935) and Vajravelu (1990). Each individual plant was categorised as 
remnant of past management (H), emergent (N), or planted through AHADS 
restoration program (P). Here, the emergent (N) vegetation contained woody plants 
that established without any interventions from past or the present land management. 
This categorization of woody stems were based on evidences such as coppicing, 
historical records pertaining to forest management of each site, and interview with 
local site watchers. Furthermore, a 5 m2 subplot was laid within each 10 m2 plot to 
enumerate the number of seedlings (individuals with < 50 cm height). The seedlings 
considered as ephemeral were not counted. Thus, two separate databases 
corresponding to woody plants and seedlings were collected. 
 
From the woody plants database, two subsets of data pertaining to the total (H+N+P) 
and emergent (N) vegetation were derived. As the process of natural regeneration was 
the primary focus of this study, the emergent plants were identified as anemochory, 
zoochory or autochory based on their primary seed dispersal modes. This was 
achieved by determining the fruit morphology of each species. Similarly, five datasets 
- native, invasive and the three dispersal modes - were derived from the seedling 
database. From these datasets, species richness of woody plants and seedlings of a site 
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was defined as the total number of species from the10 X 10 m plots and 5 X 5 m sub 
plots, respectively.  
 
Environmental variables 
The environmental predictors included topographic, soil and disturbance related 
variables (Table 3.1). The topographic variables included elevation, slope and aspect. 
The ASTER Global Digital elevation model (GDEM) for the study area was 
downloaded from the NASA Land Processes Distributed Active Archive Center (LP 
DAAC, USGS 2011), to sample elevation (m) for the centroids of each 10 m2 plots. 
Subsequently, the DEM grid (30 m X 30 m) was used to generate slope (in degrees), 
and aspect (in degrees). For statistical analysis, the circular variable aspect was 
transformed into a linear north-south gradient (northness) and an east-west gradient 
(eastness) by performing cosine and sine transformations, respectively. Northness 
varies from -1 (south facing) to 1 (north facing), and eastness varies from -1 (west 
facing) to 1 (east facing). 
Table 3.1 Summary of the ten environmental variables included for the regression and 
ordination analyses 
Variable Mean Median Range 
Patch area (ha) 100.23 33.81 7.81 — 692.3 
Elevation (m) 633.6 604.6 523.6 — 831 
Slope (Sexagecimal degree) 17.07 16.2 10.42 — 23.35 
Eastness 0.004 0.006 - 0.172 — 0.125 
Northness 0.009 -0.0006 - 0.077 — 0.158 
Road length (km) 2.77 2.68 0.57 — 6.11 
Population density (persons/km2) 70 75 0 — 190 
Soil moisture (%) 49.16 43.85 21.50 — 86.75 
Soil pH 6.24 6.26 5.8 — 6.8 
Canopy cover (%) 59.64 60 20 — 100 
 
The values for the two disturbance related variables, population density and road 
length (both characteristics of human dominated ecosystems) were extracted within 1 
km buffer around each site polygon. From the site polygons, the area covered by each 
forest fragment was extracted as values in hectares. Additionally, locations (site 
centroids) for each of the study sites were taken using the Universal Transverse 
Mercator (UTM) system for zone 43 North, which provides x, y coordinates in meters 
from a regional reference point. All the GIS based analysis were performed using 
Clark University’s IDRISI Taiga (Eastman 2009). The relevant shapefiles were 
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acquired from the AHADS’s GIS department. As these shapefiles were based on the 
data collected by AHADS in 2005, these were considered to be close to the period of 
vegetation sampling (2007-2008).  
 
The soil variables included soil pH and soil moisture. At each 10 m2 plot centroid, the 
soil pH and moisture content were measured using Kelways soil pH and Moisture 
meter (accuracy: pH ± 0.2; moisture ± 10%). In addition, the percentage canopy cover 
at the centroid of the 10 m2 plot was estimated using a spherical densiometer, and 
were then averaged. The canopy cover was considered as a microclimatic variable 
while analysing the seedling datasets. 
 
Spatial descriptor variables 
The spatial descriptor variables were generated through the principal coordinates of 
neighbor matrices approach (PCNM; Borcard and Legendre 2002, Borcard et al. 
2004). Unlike the traditional trend surface analysis, the PCNM approach has two 
distinct advantages to modelling spatial dependence viz. (1) all the principal 
coordinates are orthogonal and therefore uncorrelated independent variables, and (2) 
spatial dependence can be detected over a wider range of scales. 
 
The PCNM approach involves three steps to produce a suite of spatial descriptor 
variables (called PCNMs). The steps include: (1) calculation of a Euclidian distance 
matrix comprised of the geographic distances between sites, (2) modification of the 
geographic distance matrix by replacing distances greater than the minimum needed 
for all sites to remain connected within a network, and (3) principal coordinates 
analysis on the modified distance matrix. The principal coordinate axes that 
correspond to positive eigenvalues (i.e., Moran’s I [equation 3.1] larger than the 
expected Moran’s I [equation 3.2]) are retained as the set of explanatory PCNM 
variables. These PCNMs are characterized by amplitude and frequency representing 
wave-like spatial patterns. Each successive PCNM variable starting from the first to 
the last differs in its amplitude and frequency representing different spatial scales. The 
first few PCNMs has high-amplitude and low-frequency pattern, while the last few 
PCNMs have low-amplitude and high-frequency patterns. Thus, each PCNM variable 
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can be used to model spatial dependence in response variable at specific spatial scales 
in multiple regression or ordination analyses. 
 
I =
 
∑   ∑     
∑   ∑       (    −   )     −     
∑   (    −   )
                                                         3.1 
Where, I is Moran’s I index 
N is the number of spatial units indexed by i and j 
X is the variable of interest 
X  is the mean of X 
    is the spatial weights. 
 
 ( ) =  
−1
  − 1
                                                                                                                 3.2 
Where, E(I) is the expected value of Moran’s I 
N is the number of spatial units indexed by i and j. 
 
The PCNM analysis of the site centroids produced 17 PCNM variables based on a 
truncation distance of ~ 4.2 km. Of these, only ten PCNM variables (Moran’s I > E (I) 
= - 0.037) that model positive spatial correlation were retained. Since, the sampling 
design is irregular; the PCNM variables 1 – 4 are referred to as broad-scale spatial 
patterns, 5 – 7 as medium-scale, and 8 – 10 as fine-scale patterns. The broad-scale 
pattern roughly corresponds to the entire study area (~ 230 km2), medium-scale 
pattern corresponds to clusters of a few sites, and fine-scale pattern corresponds to 
neighbouring sites. Thus, PCNM method allows defining and examining regional 
influences across a continuous range of scales. 
 
Data analysis 
Sampling efficiency 
The inventory completeness for woody plants and seedling datasets were assessed by 
calculating the ratio of observed richness to incidence based non parametric richness 
estimators (Chao 2, ICE and second order Jackknife) available in ESTIMATES 8.2 
package (Colwell 2009). The occurrence based species richness estimators were 
chosen because they provide accurate estimates when the sample size is small and 
when sampling is done in homogeneous habitats (Colwell and Coddington 1994, 
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Chazdon et al. 1998, Magurran 2004). Calculations were based on 100 
randomizations of the species X 10 plots data matrix of each site. The value for 
inventory completeness ranges from 0 to 100%, where value closer to 100% indicates 
that most species were encountered at a given site. 
 
Spatial autocorrelation 
The presence of spatial autocorrelation in all the environmental and univariate 
response variables (species richness) were tested using Moran’s I index (Legendre 
and Legendre 1998). The Moran’s I index varies between -1 to +1, where positive 
values indicate the presence of the positive spatial autocorrelation. Spatial 
correlograms were constructed using Moran’s I at 10 distance classes. Each lag 
distance class was 2 km wide to a maximum of 20 km. Each correlogram was tested 
for global significance using a Bonferroni-corrected α* of 0.05/10= 0.005 (10 lags; 
Legendre and Legendre 1998, Lichstein et al. 2002). The significance of Moran’s I at 
each lag distance class was assessed using progressive Bonferroni correction 
(Legendre and Legendre 1998, Lichstein et al. 2002). In addition, spatial patterns 
present in the data were characterised visually based on the spatial correlogram plots. 
For instance, a trend in the correlogram from positive through zero to negative spatial 
autocorrelation with increasing distance is indicative of a gradient in the data. On the 
contrary, a plot showing either levelling off of values around the expected value or 
fluctuating around the expected value is indicative of absence of any spatial pattern 
and patchiness, respectively (Fortin and Dale 2005). 
 
For the species composition data matrices, spatial autocorrelation was tested using 
Mantel correlogram (Oden and Sokal 1986, Sokal 1986). In this method, normalized 
Mantel statistic (rM: analogous to Pearson’s r coefficient) is computed between 
species dissimilarity matrix among sites and a matrix where pairs of sites belonging to 
the same distance class. The significance of rM at each lag distance class was assessed 
using Holm’s correction after 999 permutations. 
 
Environmental and spatial variations in species richness 
A general approach was adopted to include the effects of environmental variables and 
spatial dependence in response variables by using multiple regression and variance 
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partitioning methods (Borcard et al. 1992, Borcard et al. 2004). First, a sub model of 
environmental variables was fit to the response variables using multiple regressions. 
Second, a separate multiple regression sub model was fit using spatial variables 
derived from the PCNM analysis of the site locations. Finally, since separate 
environmental and spatial sub models assume that spatial and environmental variables 
have additive effects on species richness, only the significant variables from the two 
sub models were combined into an overall regression model (Legendre and Legendre 
1998, Meot et al. 1998). Furthermore variance partitioning was used to determine the 
relative importance of pure environmental variation, spatially dependent 
environmental variation, and pure spatial dependence in response variables (Legendre 
and Legendre 1998, Borcard et al. 2004). Spatially dependent environmental variation 
and pure spatial dependence both contribute to spatial autocorrelation in species 
responses are commonly measured along environmental gradients (Crist 1998, 
Legendre and Legendre 1998, Wagner 2003, Borcard et al. 2004). 
 
For the environmental sub model, a total of ten environmental variables were 
considered: patch area, elevation, slope, northness, eastness, road length, population 
densities, soil pH, soil moisture and canopy cover. Prior to regression, the predictor 
variables were checked for collinearity using Pearson's cross-correlations among 
predictor variables (Table 3.2) and the variance inflation factor (VIF; Neter et al. 
1996). The VIF quantifies the severity of multicollinearity in an ordinary least squares 
regression analysis. It provides an index that measures how much the variance of an 
estimated regression coefficient is increased because of collinearity. Whenever high 
collinearity was indicated (Pearson's r ± 0.40 and VIF >10; Neter et al. 1996), the 
predictors which are ecologically more relevant were retained and the others were 
discarded. Thus, the final set of explanatory variables considered were patch area, 
elevation, slope, northness, eastness, soil pH and soil moisture. 
 
The quantile-quantile plots and Shapiro-Wilks test for normality indicated that all the 
response variables had a normal variance. Further, the best-fitting multiple regression 
model were selected based on the lowest value of the bias corrected Akaike’s 
Information Criterion for small samples (AICc; Burnham and Anderson 2002) out of 
all possible regression models (equation 3.3). 
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AICc = AIC +
2 (  + 1)
  −   − 1
                                                                                           3.3 
Where, AICc is the lowest value of the bias corrected AIC,  
n is the sample size,  
AIC is Akaike’s Information Criterion and is given as:  
 
AIC = 2  − 2ln (L) 
Where, k is the number of parameters in statistical model 
L is the maximum value of likelihood function for the estimated model 
 
The resultant best predicted variables for both sub models were then combined into an 
overall regression model to partition the total variance into (a) pure environmental 
variation; (b) spatially dependent environmental variation; (c) pure spatial 
dependence; and (d) Unexplained variation (Legendre and Legendre 1998, Borcard et 
al. 2004). The calculations for variation partitioning are:  
(a) = R2 (OLS overall) – R
2 (OLS spatial); 
(c) = R2 (OLS overall) – R
2 (OLS environmental); 
(b) = R2 (OLS overall) – (a + c); 
(d) = 1 - R2 (OLS overall), where OLS is the ordinary least squares regression.
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Table 3.2 Pearson's correlations between the ten environmental variables (Values in bold denotes significance at p > 0.05). 
  Patch area Elevation Slope Eastness Northness Road length population density Soil moisture Soil pH 
Patch area X 
Elevation 0.25 X 
Slope -0.18 0.29 X 
Eastness -0.01 0.19 0.11 X 
Northness 0.27 0.03 -0.13 -0.18 X 
Road density -0.46 -0.41 -0.03 0.01 -0.55 X 
Population density -0.60 -0.56 0.12 -0.41 -0.27 0.60 X 
Soil moisture 0.37 0.27 -0.32 -0.04 0.24 -0.36 -0.45 X 
Soil pH -0.30 -0.12 -0.05 -0.04 0.22 -0.09 0.00 -0.05 X 
Canopy cover 0.68 0.23 -0.21 0.03 0.22 -0.37 -0.56 0.53 -0.15 
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Environmental and spatial variations in species composition 
Direct linear ordinations were used to investigate how community composition was 
structured by environmental and spatial dependence. Redundancy analysis (RDA) 
assumes a linear response of species abundances to environmental variables, and is 
therefore the multivariate counterpart to univariate multiple regressions (ter Braak 
1995, Legendre and Legendre 1998). Separate RDA analysis for the environmental 
and spatial sub models were performed by choosing from the same set of predictor 
variables as in multiple regressions. Predictor variables were chosen using forward 
selection of variables that explained a significant (p < 0.10) amount of variation in the 
species abundance data as determined by 9999 permutation tests. The inclusion of 
variables in the model with a permutation test of p < 0.10 was based on the 
observation that some variables included in the multiple regressions models using the 
AICc criterion had a univariate t-test with a p < 0.10. The variation in the community 
composition explained by the significant variables from the environmental and spatial 
sub models were used for partitioning the variation into pure environmental, spatially 
correlated environmental and pure spatial variations. The variation partitioning was 
carried out through the VARPART function of the VEGAN community package 
(Oksanen et al. 2012) for R statistical software (R Development Core Team 2006). 
The significance tests for the components except spatially correlated environmental 
variation was assessed based on 9999 permutations. The results of these analyses are 
reported for species composition of woody plants and seedlings based on primary 
seed dispersal modes. 
 
Site classification and indicator species 
Multivariate regression tree analysis (MRT) was used to classify the sites into groups 
based on the similarities among the environmental variables. MRT employs binary 
recursive partitioning to model the species environmental relationship (De’ath 2002). 
This technique employs Euclidean distance to summarise between site differences in 
community composition. The method separates groups of sites along the axis of the 
environmental variables so as to minimise the sum of squared Euclidean distance 
(SSD) within the resultant groups. The explanatory variable that leads to the least 
within group SSD is selected. The process is then repeated on the resultant groups, 
allowing alternative predictor variables to be selected at different levels. The amount 
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of variation attributable to the final MRT model is determined by calculating the 
proportion of the SSD from the entire data set that remains in the MRT groups. 
 
Furthermore, indicator species analysis (INDVAL) was employed to determine which 
species characterised the final MRT designated groups, and which were significantly 
associated with the splits in the tree (Dufrene and Legendre 1997). The indicator 
value of a species (INDVAL) is obtained by a combination of large mean abundance 
within a group compared to other groups (specificity) and presence in most sites of 
that group (fidelity). The index takes values from 0 to 100, the latter being where a 
species occurs in all the sites within a group but in no other site. The statistical 
significance of the species' association within a group or partition in the tree was 
determined by a permutation test with 500 iterations. The MRT and INVAL analyses 
were carried out using R packages mvpart (Therneau et al. 2012) and MVPARTwrap 
(Ouellette and Legendre 2012). 
Results 
Sampling efficiency 
A total of 3244 woody stems representing 116 species from 40 families were 
enumerated from 280 X 10 m2 plots. Of these, merely 20 % (H + P = 633 stems) were 
raised under the past and present management efforts by the state forest department 
and AHADS, respectively (Appendix 3). The remaining 80 % of the total stems were 
emergents (N). Among the dispersal modes, zoochorous species dominated (65 
species), followed by autochorous (28 species) and anemochorous (23 species) 
(Appendix 4). Similarly, a total of 8604 seedlings representing 46 species were 
enumerated from 280 X 5 m2 plots. Of these, nearly 49 % were represented by the 
invasive species such as Lantana camara, Prosopis juliflora and Chromoleana 
odorata. Among the seedlings of the native species, the number of individuals also 
varied among the three dispersal modes: zoochory (12 species); anemochory (12 
species); and autochory (19 species). 
 
The inventory completeness values for woody plants (Table 3.3) and seedlings (Table 
3.4) in each site varied for each estimator. In general, the completeness values were 
high (IC values > 70 %), which indicated that most species of the woody plants and 
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the seedlings from the respective sites were encountered during the survey. Thus the 
inventories were considered as comparable among the study sites. 
Table 3.3 Summary of the estimated species richness and the corresponding inventory 
completeness values (IC) for the adult woody plants based on the three non- parametric 
estimators 
SITE Chao 2   Jackknife 2   ICE 
  Mean ± SD IC (%)   Mean ± SD IC (%)   Mean ± SD IC (%) 
N1 37.05 ± 9.5 70 37.71 ± 3.3 69 32.63 ± 2.5 80 
N2 26.55 ± 5.5 83 30.72 ± 2.3 72 27.25 ± 2.1 81 
N3 31.64 ± 3.2 92 36.62 ± 3.1 79 34.50 ± 2.4 84 
N4 29.76 ± 4.3 87 35.48 ± 2.5 73 32.45 ± 2.0 80 
S1 11.22 ± 1.0 98 12.89 ± 1.2 85 11.98 ± 0.7 92 
S2 17.5 ± 4.8 80 20.73 ± 1.5 68 17.46 ± 1.5 80 
S3 17.91 ± 2.9 89 20.94 ± 2.6 76 18.75 ± 1.8 85 
S4 50.26 ± 18.8 50 46.36 ± 3.7 54 51.11 ± 6.0 49 
S5 31.76 ± 5.7 79 37.95 ± 4.2 66 38.42 ± 5.2 65 
S6 25.48 ± 2.0 94 28.93 ± 0.5 83 27.29 ± 2.0 88 
S7 16.31 ± 0.9 98 16.87 ± 2.0 95 18.4 ± 1.0 87 
S8 30.03 ± 6.5 73 36.44 ± 3.1 60 41.19 ± 5.2 54 
S9 32.96 ± 4.3 88 38.82 ± 4.5 75 37.64 ± 3.9 77 
S10 30.47 ± 3.3 92 35.53 ± 3.1 79 33.10 ± 2.4 85 
S12 20.82 ± 5.7 77 23.94 ± 2.6 67 21.45 ± 2.1 75 
S13 26.33 ± 5.9 80 30.84 ± 2.6 68 28.48 ± 2.7 74 
S14 38.56 ± 11.3 62 42.15 ± 2.0 57 45.31 ± 3.9 53 
S16 20.03 ± 5.0 80 23.55 ± 3.0 68 22.46 ± 2.9 71 
S17 18.97 ± 2.0 95 21.83 ± 2.7 82 20.55 ± 1.7 88 
S18 21.84 ± 2.7 92 25.53 ± 2.6 78 24.72 ± 1.7 81 
S19 22.51 ± 6.7 76 25.89 ± 1.9 66 23.84 ± 2.2 71 
S20 26.43 ± 4.9 83 31.69 ± 3.1 69 29.41 ± 2.7 75 
S21 30.74 ± 8.0 75 34.09 ± 2.6 68 30.38 ± 2.0 76 
S22 26.63 ± 4.3 86 32.38 ± 1.8 71 32.14 ± 2.0 72 
S23 19.79 ± 4.9 81 22.38 ± 1.8 71 19.34 ± 1.3 83 
S25 46.72 ± 16.2 58 43.89 ± 4.4 62 38.83 ± 4.2 70 
S26 33.00 ± 3.7 88 39.34 ± 4.2 74 36.98 ± 3.8 78 
S27 21.97 ± 6.0 77   24.46 ± 2.9 70   21.26 ± 2.2 80 
 
Spatial autocorrelation 
Among the environmental variables patch area, elevation, road length, human 
population density, soil moisture and canopy cover showed positive spatial 
autocorrelations (Figure 3.1). It was significantly positive at two lag distances for 
patch area (at 2 and 4 km: global Moran’s I = 0.4717; p < 0.0001) and three 
successive lag distances for elevation, (at 2, 4 and 6 km: global Moran’s I = 0.5538; p 
< 0.0001). Spatial autocorrelations were found significantly positive at the second lag 
distance (i.e., 4 km) for human population density (global Moran’s I = 0.3890; p < 
0.0001), soil moisture (global Moran’s I = 0.3736; p < 0.0001) and canopy cover 
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(global Moran’s I = 0.3771; p < 0.0001), while it was significant only at the first lag 
distance (i.e., 2 km) for road length (global Moran’s I = 0.1320; p < 0.05). The 
Moran's I values passing from positive through zero to 
Table 3.4 Summary of the estimated species richness and the corresponding inventory 
completeness values (IC) for the seedlings based on the three non- parametric estimators 
SITE Chao 2   Jackknife 2   ICE 
  Mean ± SD IC (%)   Mean ± SD IC (%)   Mean ± SD IC (%) 
N1 20.12 ± 0.5 99 20.29 ± 1.9 99 20.75 ± 0.6 96 
N2 18.36 ± 5.6 76 20.64 ± 2.2 68 17.55 ± 1.9 80 
N3 19.68 ± 1.6 97 21.83 ± 3.1 87 20.75 ± 1.5 92 
N4 15.05 ± 0.3 100 14.08 ± 1.6 97 15.21 ± 0.3 99 
S1 13.44 ± 1.2 97 15.34 ± 1.5 85 14.63 ± 0.7 89 
S2 16.27 ± 0.9 98 17.21 ± 1.8 93 18.09 ± 0.7 88 
S3 18.42 ± 4.8 81 21.29 ± 1.3 70 18.93 ± 1.7 79 
S4 21.06 ± 2.0 95 23.75 ± 4.3 84 22.77 ± 2.5 88 
S5 25.98 ± 2.9 92 29.76 ± 2.6 81 27.53 ± 1.7 87 
S6 19.79 ± 2.4 91 23.84 ± 2.4 76 25.07 ± 2.8 72 
S7 17.34 ± 2.7 92 19.98 ± 1.0 80 17.16 ± 0.7 93 
S8 48.45 ± 18.7 52 43.74 ± 3.0 57 42.75 ± 3.8 58 
S9 27.59 ± 1.4 98 29.38 ± 2.6 92 28.6 ± 1.1 94 
S10 22.6 ± 2.3 93 25.66 ± 2.8 82 23.96 ± 1.6 88 
S12 29.17 ± 7.3 75 33.44 ± 2.6 66 34.3 ± 2.8 64 
S13 17.63 ± 1.6 96 20.26 ± 1.0 84 18.97 ± 0.8 90 
S14 25.28 ± 2.1 95 27.91 ± 2.7 86 27.25 ± 1.2 88 
S16 18.18 ± 2.2 94 20.57 ± 1.8 83 18.53 ± 0.9 92 
S17 17.98 ± 2.0 95 20.63 ± 2.0 82 18.7 ± 1.1 91 
S18 17.85 ± 2.0 95 20.43 ± 1.9 83 18.63 ± 1.0 91 
S19 15.3 ± 1.1 98 16.43 ± 1.7 89 15.95 ± 0.7 94 
S20 22.54 ± 2.6 93 26.22 ± 1.4 80 24.73 ± 1.2 85 
S21 26.03 ± 5.7 88 30.91 ± 2.7 74 31.34 ± 2.1 73 
S22 22.17 ± 5.2 81 26.63 ± 2.1 68 25.48 ± 2.4 71 
S23 27.43 ± 3.7 91 31.83 ± 2.2 79 29.76 ± 1.6 84 
S25 16.91 ± 1.9 95 19.48 ± 1.6 82 17.94 ± 1.0 89 
S26 23.21 ± 4.2 86 27.27 ± 2.6 73 24.46 ± 1.9 82 
S27 22.19 ± 0.9 99   23.29 ± 1.3 94   23.25 ± 0.6 95 
 
negative spatial autocorrelation with increasing lag distances is indicative of a 
gradient in these variables (Figure 3.1). 
 
For the woody plants, positive spatial autocorrelation was detected for the total 
(HNP) species richness (global Moran’s I = 0.2521; p < 0.004) at the first lag distance 
and it improved to 4 km (second lag distance) when only emergents (global Moran’s I 
= 0.3994; p < 0.0001) and zoochory (global Moran’s I = 0.3529; p < 0.001) were 
considered (Figure 3.2). Additionally, the correlograms indicated a trend as the 
Moran's I values passed from positive through zero to negative spatial autocorrelation 
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with increasing lag distances. However, the spatial correlograms indicated patchy 
distribution of the autochorous species (Figure 3.2). Similar analysis for the seedlings 
indicated positive spatial correlation for invasive species (global
 
Figure 3.1 Moran's Istd correlograms of the six environmental variables. Solid circles indicate 
significance (one-tailed test (α = 0.05)) for positive spatial autocorrelation adjusted using 
progressive Bonferroni correction. Open circles indicate non significance. 
Moran’s I = 0.2903; p < 0.01) and zoochorous species (global Moran’s I = 0.2111; p 
< 0.01) at two lag distances (2 and 4 km) (Figure 3.3).  
 
The Mantel's correlograms for the species composition of the adult plants showed 
positive spatial autocorrelation at two successive lag distances i.e. 2 and 4 km, for 
overall (HNP), emergents, anemochory and zoochory. This indicated that the 
neighbouring sites within 4 km radius were similar in species composition of the 
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woody plants. Similarly, the mantel's correlograms for the species composition of the 
seedlings showed positive spatial autocorrelation at three successive lag distances i.e. 
2, 4 and 6 km, for native, invasive, anemochory and zoochory. However, no such
 
Figure 3.2 Moran's Istd correlograms of the five different species richness values of the adult 
woody plants. Solid circles indicate significance (one-tailed test (α = 0.05)) for positive spatial 
autocorrelation adjusted using progressive Bonferroni correction. Open circles indicate non 
significance. 
pattern was observed for the species composition of the adult plants and seedlings 
belonging to the autochorous group. Additionally, the mantel's correlation (rM) values 
passed from positive through zero to negative spatial autocorrelation with increasing 
lag distances, which indicated the presence of a gradient in the species composition 
datasets. 
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Figure 3.3 Moran's Istd correlograms of the five different species richness values of the seedlings. 
Solid circles indicate significance (one-tailed test (α = 0.05)) for positive spatial autocorrelation 
adjusted using progressive Bonferroni correction. Open circles indicate non significance. 
 
Effects of environmental and spatial variations on species richness 
All the overall models explained a statistically significant amount of variation in 
species richness (Table 3.5), but the percentage of the total variation explained by 
environmental and spatial dependence differed among different response groups 
(Table 3.7). The species richness of the entire adult woody plant community (HNP) 
was characterised by broad scale spatial variables. However, the medium and fine 
scale spatial patterns were observed when only emergents (N) were considered (Table 
3.5). As expected, the species richness of the anemochorous and zoochorous plants 
were usually characterised by broad scale spatial variables. In contrast, the species 
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richness of the autochorous plants were characterised by fine scale variables. These 
patterns confirm the second hypothesis indicating that short distance dispersed 
species (autochory) are more dispersal limited than the long distance dispersed 
species (anemochory and zoochory). Among the environmental submodels, patch 
area was the most important predictor of the species richness of the emergents. 
However, patch area is positively correlated with the species richness of autochorous 
and zoochorous plants but negatively correlated with anemochorous plants and these 
patterns are consistent with the first hypothesis.  
 
Furthermore, similar results were observed for the species richness of various 
seedling datasets (Table 3.5). The richness of the native, invasive and zoochorous 
species were characterised by both broad scale and medium scale spatial variables. In 
contrast, the richness of the autochorous seedlings were characterised by fine scale 
spatial variables. Among the environmental submodels, although patch area was the 
most important predictor of the species richness of native, invasive, zoochorous and 
anemochorous seedlings, it positively correlated only with the native seedling. 
 
The variation partitioning revealed that the environmental variables (E) explained 
between 0 and 23.5% of the total variation, whereas pure spatial dependence (S) 
accounted for 0 – 34.5 % and spatially induced environmental variation explained 0 – 
58.4 % when all the groups were considered simultaneously (Table 3.7). The spatially 
induced environmental variation (S + E) comprised a larger proportion of the total 
variation because most of the habitat variables measured were generally correlated 
with spatial locations of the study sites. Additionally, the variation in the species 
richness of the long distance dispersed (anemochorous) plants was explained by pure 
environmental variation, which is consistent with the first hypothesis. On the 
contrary, the variations in the species richness of the short-distance dispersed 
(autochorous) plants were largely explained by the pure spatial and spatially 
correlated environmental variations. 
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Table 3.5 Multiple linear regression of the species richness of total (HNP), emergents (N) and the three dispersal groups of the adult woody 
plants and seedlings with environmental, spatial and overall models 
Community Environmental submodel   Spatial submodel Overall model 
Type Predictors Parameter t P Predictors Parameter T P 
    estimate         estimate       
a. Woody plants 
All (HNP) Patch area 2.356 3.137 0.004 PCNM 1 -0.0002 -2.1 0.045 F(5,22) = 6.2431 
PCNM 2 -0.0004 -3.81 0.0009 P = 0.0009 
PCNM 3 0.0004 2.55 0.017 
            PCNM 4 0.0003 2.23 0.035   
Emergents (N) Patch area 3.0876 4.621 0.000095 PCNM 1 -0.00034 -3.701 0.0013 F(8,19) = 12.99 
Elevation 0.0219 2.126 0.036 PCNM 2 -0.00074 -7.164 0.00004 P = 0.0000316 
PCNM 3 0.00038 2.398 0.0261 
PCNM 4 0.00028 2.094 0.0481 
PCNM 7 -0.0003 -1.855 0.0777 
            PCNM 10 0.0007 2.626 0.0156   
Anemochory Patch area -6.178 -2.788 0.01 PCNM 1 0.00081 1.673 0.106 F(3,24)  = 3.012 
  Eastness 82.746 1.961 0.0611           P = 0.0315 
Zoochory Patch area 2.231838 3.848 0.000731 PCNM 1 -0.000023 -2.56 0.01752 F(6,21)  = 11.26 
Elevation 0.02348 2.734 0.011333 PCNM 2 -0.00059 -6.052 0.00003 P = 0.000012 
PCNM 3 -0.00036 2.909 0.00791 
            PCNM 7 -0.0005 -2.435 0.02304   
Autochory PCNM 7 0.00013 1.986 0.05857 F(3,24)  = 5.75 
PCNM 8 0.00016 2.255 0.03355 P = 0.00412 
            PCNM 9 0.00046 2.867 0.00849   
b. Seedlings 
Native Patch area 21.269 2.946 0.00687 PCNM 1 -0.003798 -2.821 0.009464 F(5,22)  = 7.737 
Soil 
Moisture 1.558 3.002 0.00601 PCNM 2 -0.005728 -3.992 0.000537 P = 0.0002502 
            PCNM 7 -0.006116 -2.034 0.053164   
Invasive Patch area -0.336098 -2.912 0.00765 PCNM 1 0.000059 3.116 0.00486 F(7,20)  = 4.422 
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Elevation 0.003513 2.134 0.04328 PCNM 2 0.000035 1.962 0.06199 P = 0.0041 
Northness -4.32242 -1.824 0.08055 PCNM 4 0.000049 1.758 0.09202 
            PCNM 5 0.000053 1.69 0.10458   
Anemochory Patch area -0.02892 -2.657 0.0133 F(1,26)  = 7.04 
                    P = 0.0014 
Zoochory Patch area -0.02892 -2.657 0.0133 PCNM 1 0.000055 1.821 0.0806 F(3,24)  = 2.661 
            PCNM 7 0.00013 2.022 0.054 P = 0.070 
Autochory Patch area 0.04881 3.474 0.00181 PCNM 7 -0.00012 -3.467 0.002 F(4,23)  = 9.781 
PCNM 8 0.0001 2.436 0.02266 P = 0.000089 
            PCNM 9 0.00028 3.146 0.00438   
  
 
Table 3.6 Summary of the redundancy data analysis (RDA) of the adult woody plant and seedling 
composition with environmental and spatial models (the significant PCNM variables are given as 
superscripted numbers). 
    Environmental submodel   Spatial submodel 
Community Predictors Canonical  Predictors Canonical  
Type     Eigenvalues     eigenvalues 
a. Woody plants 
All (HNP) Patch Area 0.2313 PCNM 1,2,3,5,6,7 0.4124 
    Elevation         
Emergents (N) Patch Area 0.2397 PCNM 1,2,3,4,6,7 0.4323 
    Elevation         
Anemochory   Patch Area 0.1913   PCNM 1,2,3 0.2893 
Zoochory Patch Area 0.2349 PCNM 1,2,3,4,5,6,7 0.5014 
    Elevation         
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Autochory Patch Area 0.2282 PCNM 8,9 0.2038 
    Elevation         
b. Seedlings 
Native Patch Area 0.2717 PCNM 1,2,3,5,6,7 0.4143 
Elevation 
    Soil moisture         
Invasive   Patch Area 0.1485   PCNM 1,2,4 0.4709 
Anemochory   Patch Area 0.125   PCNM 1,2 0.2197 
Zoochory   Patch Area 0.1219   PCNM 1,2 0.2209 
Autochory   Patch Area 0.2564   PCNM 7,8,9,10 0.5178 
  
 
Table 3.7 Summary of the breakup of the total explained variation in species richness and compositions for adult woody plants and seedlings into pure 
environmental, pure spatial and spatially induced environmental variations 
Response Community environmental Spatial Spatially induced Unexplained 
variables type variation (E) variation (S) environmental variation (S+E) variation 
Species richness a. Woody plants 
All (HNP) 0.02 24.6 24.64 50.74 
Emergents (N) 3.4 16.17 58.47 21.96 
Anemochory 23.54 0 0 76.46 
Zoochory 3.02 10.38 56.11 30.49 
  Autochory 0 34.54 0 65.46 
b. Seedlings 
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Native 7 1.09 47.02 44.89 
Invasive 10.53 13.15 23.33 52.99 
Anemochory 18.33 0 0 81.67 
Zoochory 0 0 15.59 84.41 
  Autochory 8.57 27.47 20.5 43.46 
Species composition a. Woody plants 
All (HNP) 1.61 9.09 15.36 73.94 
Emergents (N) 2.04 11.17 15.84 70.95 
Anemochory 0.51 4.53 15.51 79.45 
Zoochory 6.6 21.91 10.76 60.73 
  Autochory 3.77 1.13 12.87 82.23 
b. Seedlings 
Native 0 7 17.66 75.34 
Invasive 0 29.65 10.82 59.53 
Anemochory 2 8.6 7 82.4 
Zoochory 1.8 8.9 6.9 82.4 
  Autochory 0 15 22.97 62.03 
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Effects of environmental and spatial variations on species composition 
The spatial models for the adult plant and seedling community compositions were 
mostly characterised by broad scale and medium scale spatial variables, while the 
species composition of the autochorous plants were characterised by fine scale spatial 
variables (Table 3.6). The patch area was the most important environmental variable 
that explained variation in species composition of both adult plants and seedlings of 
various groups. The variation partitioning revealed that the environmental variables 
explained between 0 and 6.6% of the total variation, whereas pure spatial dependence 
accounted for 1 – 30%, and spatially induced environmental variation explained 7 – 
23% when all the groups were considered simultaneously (Table 3.7). In general, the 
spatially induced environmental variation (S + E) comprised a larger proportion of the 
total variation indicating that the plant community compositions were structured in 
response to the environmental variables that are spatially correlated. Therefore, these 
results based on the species compositions reiterate the results based on the univariate 
analysis (i.e., species richness). 
 
Site classification and indicator species 
The recursive partitioning procedure employed by MRT analysis with all the seven 
environmental variables produced a tree where the sites were divided into two groups 
with a species variance of 19.71 % (Figure 3.4). Patch area was the only variable 
responsible for this division. The degraded sites from the Attappady hills (except for 
site S25), where the patch size is relatively small and the reference sites from the 
adjoining Anaikatty hills formed two distinct 'groups'. Out of the 24 plants species that 
had significant indicator values (IndVals > 40), 20 species were characteristic of the 
'group 2' sites, which are relatively larger in size (Table 3.8). The remaining plant 
species represented by three anemochorous plants (Mundulea sericea, Chloroxylon 
swietenia, Dodonaea viscosa) and a zoochorous plant (Erythroxylon monogynum) 
were confined to the degraded sites of the Attappady hills. 
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Figure 3.4 Classification of fragmented habitats into severely degraded (group 1) and relatively 
less disturbed fragments (group 2) based on Multivariate Regression tree (MRT) analysis with log 
(area) as the only environmental predictor. 
Discussion 
In this study, it is shown that the dispersal indeed appears to limit plant species' 
distribution in forests on this largely fragmented and degraded landscape, with the 
degree of limitation dependent upon species' adaptations for dispersal. The distribution 
of the autochorous species with adaptations for short-distance dispersal depend more 
strongly on spatial patterns on finer scales than the distributions of
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Table 3.8 List of indicator species based on MRT and INDVAL analysis 
Species Groups IV P value 
Mundulea sericea 1 100 0.001 
Chloroxylon sweitenia 1 65 0.04 
Dodonaea viscosa 1 60.87 0.04 
Erythroxylon monogynum 1 60.87 0.04 
Atalantia monophylla 2 91.6 0.001 
Acacia sinuata 2 91.32 0.001 
Zizyphus oenoplia 2 77.52 0.002 
Syzygium cumini 2 75.43 0.002 
Canthium dicoccum 2 74.32 0.002 
Grewia tiliifolia 2 73.42 0.002 
Tarenna asiatica 2 66.75 0.018 
Scolopia crenulata 2 66 0.008 
Capparis sepiaria 2 60 0.004 
Eleocarpus serratus 2 60 0.002 
Jasminum sp 2 60 0.003 
Memecylon umbellatum 2 58.57 0.004 
Acacia odoratissima 2 56.78 0.011 
litsea deccanensis 2 56.51 0.008 
Phyllanthus emblica 2 55.57 0.011 
Bombax malabaricum 2 49.63 0.029 
Pterolobium hexapetalum 2 46.99 0.039 
Anogeissus latifolia 2 44.22 0.045 
Acacia torta 2 40 0.019 
Olea glandifera 2 40 0.03 
 
anemochorous and zoochorous species with adaptations for long-distance dispersal. In 
contrast, the long-distance dispersers track environmental gradients more effectively 
and show broader spatial patterns. These comparisons suggest that the dispersal traits 
of the species drives spatial patterns of species' distributions in a fragmented 
landscape. Among the autochorous plants, species dispersed only by explosion and 
gravity contrasted well with the vertebrate- and wind-dispersed species. Although the 
zoochorous plant species are thought to be the most efficiently dispersed (Vittoz and 
Engler 2007), they showed greater spatial effects and finer spatial patterning than the 
anemochorous species. In contrast to zoochorous and autochorous species, many 
anemochorous species were encountered in the highly degraded and isolated habitat 
fragments of the Attappady hills. As most of these wind dispersed species are early 
colonisers of degraded habitats, they showed a stronger relationship with the 
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environmental gradient (here degradation) than other plants. These results for 
anemochorous species support many previous findings that environmental factors 
predominate over spatial patterns in explaining their distributions (Tuomisto et al. 
2003, Gilbert and Lechowicz 2004, Karst et al. 2005, Jones et al. 2006, Jones et al. 
2008, Flinn et al. 2010). 
 
Furthermore, the decomposition of the variations in the diversity and compositions of 
the woody plants and seedling species' distributions revealed a larger proportion of 
variance explained by the spatially induced environmental variation (S + E) than the 
pure environmental (E) and pure spatial variations (S). These patterns of high spatially 
induced environmental variations indicate the presence of ecological gradients. For 
instance, it is evident from the spatial correlograms that most of the habitat variables 
are also spatially autocorrelated. In addition, multi-collinearity analysis indicated that 
most of these habitat variables were highly correlated with the fragment area. 
Therefore, it is concluded that smaller habitat fragments are highly degraded than the 
larger patches of the forests. Thus, indicating the presence of a gradient of degradation 
across the study area. This pattern is in agreement with several studies that have 
considered the spatial distribution of different taxa in ecological gradients (e.g., Gazol 
and Ibáñez 2010, Carvalho et al. 2011, Zhang et al. 2011). 
 
Among the environmental predictor variables, the fragment area, a surrogate for 
disturbance causing factors such as human population density etc., seems likely to 
explain a large share of variation in species richness and composition. It is strongly 
related to the species richness and composition of the anemochorous and zoochorous 
plants. Larger the fragment, more zoochorous species were encountered, while more 
anemochorous species were harboured in smaller fragments. Evidently, this could be 
attributed to the ability of the anemochorous species to colonize severely degraded 
habitats. The zoochorous species, on the other hand, are mostly restricted to larger 
fragments, which are predominantly dispersed by birds in this area (Balasubramanian 
et al. 2008, Aruna et al. 2009). Thus, indicating the inability of zoochorous species in 
reaching the smaller fragments, which may pose high levels of disturbance for their 
respective dispersal agents. In general, this pattern corroborates the findings of 
previous studies stating that habitat fragmentation, disturbance and habitat 
modification affects plant dispersal differentially (Cramer et al. 2007, Lehouck et al. 
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2009, Uriarte et al. 2011). On the contrary, the species richness and composition of the 
zoochorous seedlings are negatively correlated with fragment area. The higher 
richness of the seedlings of vertebrate-dispersed species in the smaller fragments can 
be attributed to the removal of disturbance causing factors and protection under the 
current restoration program. 
 
The species richness and composition of native and invasive seedlings related 
differently to environmental and spatial variables. As expected the native seedling 
species richness was higher in larger fragments. More invasive species were found in 
the smaller fragments which are heavily degraded. The variation observed in species 
richness of the natives is largely explained by the pure environmental fraction as 
opposed to that of the invasive species richness. In addition, the fragment area (as a 
surrogate for canopy openness as well as light availability) was the most important 
variable in determining the seedling species richness and compositions of the three 
groups based on the plant dispersal traits. The strong negative association to fragment 
area by zoochorous and anemochorous species indicated that seed dispersal and 
consequent establishment of seedlings in open areas are favoured by micro-climatic 
conditions that include canopy openness and light availability. Furthermore, the spatial 
patterns broadly followed that of the woody plants indicating similar patterns based on 
dispersal limitation. 
 
The site classification based on environmental variables and woody plant responses 
clearly separated the sites which are severely degraded from the larger relatively less 
disturbed forest fragments. Based on the INDVAL analysis, Mundulea sericea had an 
indicator value of 100%, which means that it is the most frequently encountered 
species in the degraded forest fragments of the Attappady hills. Mundulea sericea 
usually occurs on the rocky outcrops and mid-slopes, where soil erosion is severe. 
Similarly, the Chloroxylon sweitenia (IV = 65%) and Dodonaea viscosa (IV = 61%) 
were observed in higher frequencies across most of the degraded forest fragments. 
These results corroborate the findings related to the effects of degradation on woody 
plant communities in India and elsewhere (Strohbach 2000, Perera 2001, Arjunan et al. 
2005, Aerts et al. 2006, Mehta et al. 2008, Pragasan and Parthasarathy 2009). 
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Furthermore, this study provides few insights into the management aspects of these 
degraded habitats. Among the adult plants, the total explained variation for the overall 
(HNP) species richness and composition was considerably increased when only the 
emergents (N) were considered.  The total explained variation for species richness and 
composition increased from 50 to 78 % and 26 to 29 %, respectively. This indicates 
that the plantations raised during the past and the present management have largely 
resulted in homogenization of the woody plant communities among these fragments. 
For instance, most of the forest fragments were planted with Acacia nilotica and 
Albizzia amara under the silvicultural programs of the forest department in the past, 
while fast growing species including Leuceana leucocephala, Pongamia pinnata, 
Azardirachta indica and Simarouba glauca (an exotic species introduced from South 
America) have been raised under the current eco-restoration program. Under the 
current restoration program, the saplings were planted in fragments under active 
restoration. However, within each actively restored fragment, the plantings were 
limited to single species instead of mixed species, probably leading to homogenisation 
of the woody plant communities. Incorporating multi species planting would help 
enhance the species diversity within the fragment and thereby increase the species 
turnover among these fragmented habitats. For example, Raman et al. (2008) 
incorporated multi species planting to restore the degraded fragments of the Valparai 
Plateau in the Western Ghats, which has transformed these fragments into potential 
corridors for other organisms. On the other hand, the forest fragments under passive 
restoration harboured higher densities of invasive (especially Lantana camara), which 
may hinder the establishment of native plants. Although the actively managed forest 
fragments are periodically weeded, the passively managed forest fragments are left as 
such, where the weeds proliferate. These forest fragments are the potential sources for 
propogules of invasive species such as Lantana camara and Chromoleana odorata etc. 
which are animal and wind dispersed species, respectively. Finally, it is recommended 
that the restorationists should incorporate robust biodiversity assessments to gain 
knowledge regarding the underlying ecological processes of the ecosystem before 
attempting to restore large tracts of degraded forests. Such knowledge would help 
restorationists in identifying species capable of recolonizing the degraded habitats. 
This will help them to identify dispersal limited species which are more suitable for 
planting in the degraded forest fragments. 
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CHAPTER 4 
Effects of Fragmentation and Degradation on the 
Insect Communities of the Attappady hills: role of 
Habitat Area, Edge and Invasive Ant Species 
 
Introduction 
The effects of habitat fragmentation and subsequent degradation have been 
documented for many taxa, including invertebrates (Tscharntke 1992, Burkey 1997, 
Bolger et al. 2000, Gibbs and Stanton 2001, Barbosa and Marquet 2002, Gillespie and 
Roderick 2002, Tscharntke et al. 2002a, Ribas et al. 2005, Valladares et al. 2006, 
Diaz et al. 2010, Vasconcelos and Bruna 2012). These studies are influenced by the 
concepts of the theory of island biogeography (MacArthur and Wilson 1967), which 
is originally developed based on the species distribution in marine islands. According 
to this theory, islands those are larger and less isolated support higher species 
diversity. But the concepts were soon applied in the terrestrial ecosystems to get better 
ideas on the relationship between species diversity and habitat area for planning 
conservation reserves (Harris 1984). However, several studies on habitat 
fragmentation have shown that fragments that are smaller and isolated do harbour 
higher species diversity (Golden and Crist 2000, Tscharntke et al. 2002b, Krauss et al. 
2003, Spector and Ayzama 2003, Bach and Kelly 2004). This is attributed to the 
differences in the nature of the surrounding matrix between the real islands and the 
fragmented habitats of terrestrial ecosystems (Hirsch et al. 2003, Lovei et al. 2006, 
Pichancourt et al. 2006, Diekoetter et al. 2007, Diaz et al. 2010). In real islands, the 
surrounding matrix (oceans) is usually hostile to organisms occurring on islands 
(Báldi and Kisbenedek 1999). On the contrary, the surrounding matrix is usually less 
hostile in the fragmented habitats of terrestrial ecosystems (Gascon and Lovejoy 
1998, Hobbs 2001), and contains its own set of species ('matrix species' or 'generalist 
species'). Therefore, terrestrial habitat fragments which are heterogeneous and subject 
to edge effects often disapprove the concept of island biogeography due to the 
indiscriminate inclusion of matrix species (Cook et al. 2002). 
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Habitat fragments have well defined edges that form transition zones (ecotones) 
between adjacent habitats (Holland et al. 1991). These edge areas around the habitat 
fragments have distinct microclimates that abruptly changes in light regimen, 
substrate and water conditions (Murcia 1995, Didham and Lawton 1999, Grimbacher 
et al. 2006), which supports edge-preferring species (Odum 1971, Magura et al. 
2001). Habitat fragments with varying patch size usually have different proportions of 
edge areas. For instance, smaller habitat areas have larger proportions of edge areas 
relative to its forest interiors, than compared to larger habitat areas (Saunders et al. 
1991). Additionally, habitat quality of the fragments also deteriorates depending upon 
the extent of edge area intruding into the interiors of the habitat fragment (Soomers et 
al. 2013). 
 
Several experiments on habitat fragmentation have revealed that insect communities 
readily respond to differences in habitat area and the degree of isolation among 
habitat fragments (Golden and Crist 2000, Grez et al. 2004, With and Pavuk 2011, 
Vasconcelos and Bruna 2012, With and Pavuk 2012). Often, habitat specialists 
negatively respond to fragmentation as these species are rare and easily susceptible to 
disturbances (Golden and Crist 1999, Davies et al. 2001, Summerville and Crist 
2001). Conversely, the habitat generalists positively respond to fragmentation as these 
species are favoured by disturbances which provide preferred resources through the 
alterations of biophysical features of the habitats. Insect responses to habitat 
fragmentation can also be taxon or trophic guild specific (Tscharntke et al. 2002b, 
Deans et al. 2005, Dupont and Nielsen 2006, Vasconcelos and Bruna 2012). In 
addition, edges of forest fragments may directly or indirectly facilitate invasive 
insects due to changes in biotic and abiotic conditions, and can cause sharp changes in 
the native insect diversity and species interactions among them (Crist 2009). 
  
Although many studies have traditionally focused on habitat area, isolation, and edge 
effects, it is not sufficient to fully understand the dynamics of community responses to 
alterations in habitat quality. Recently, many studies have explicitly considered the 
relative roles of plant diversity and composition in determining the structure of insect 
assemblages in different habitat fragments (Fleishman et al. 2002, Stoner and Joern 
2004, Summerville and Crist 2004, Deans et al. 2005, Grimbacher et al. 2006, 
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Martinko et al. 2006). For example, Summerville and Crist (2001) found that habitat 
quality and habitat area had positive effects on butterfly species richness. 
 
Recently several studies have considered the spatial patterns of insect diversity and 
community composition across the fragmented landscapes (Roland and Taylor 1997, 
Thies et al. 2003, Borcard et al. 2004, Summerville and Crist 2004). In nature, species 
abundances are usually correlated across space such that the variation in abundances 
increases with distance between the sampling points (Crist 1998, Wagner 2003), and 
is termed as spatial autocorrelation. Spatially correlated patterns of species 
distribution arise due to environmental variables that are also correlated in space, so 
that spatial dependence in species distribution may be a consequence of species 
responses to spatially correlated environmental variables (Borcard et al. 1992, 
Borcard et al. 2004). Alternatively, species distribution patterns may exhibit pure 
spatial dependence due to intra- or inter-specific interactions of individuals apart from 
their responses to environmental variation (Wagner 2003, Borcard et al. 2004). 
Therefore, spatial autocorrelation can significantly influence the outcome of the 
studies on biotic community responses to habitat fragmentation, including controlled 
experiments (Crist et al. 2006). Also, insect responses to habitat area or isolation may 
depend on habitat connectivity and the suitability of the surrounding matrix (Barbosa 
and Marquet 2002, Diekoetter et al. 2007, Diaz et al. 2010). 
 
In the context of developing a monitoring protocol for assessing the success of 
AHADS’ restoration efforts, it is important to understand the underlying ecological 
processes that determine the insect species distribution among the degraded forest 
fragments, which are embedded within a matrix of different landuse types and human 
habitations. Therefore, the primary goal of this study is to quantify the responses of 
various insect groups (ground-dwelling insects, ants and beetles) and insect feeding 
guilds (detrivores, herbivores and predators) to habitat quantity (habitat area and 
edge) and habitat quality (vegetation structure and diversity). Secondly, due to the 
presence of disturbance gradient across the study area (see Chapter 3), spatial 
autocorrelation among the response and environmental variables may influence the 
outcome of the present study. Therefore, the second goal of the study is to quantify 
the role of spatial variation in insect responses to habitat area and edge, and 
vegetation structure and diversity. In addition, the fragmented forests of the 
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Attappady hills are infested by the invasive ant, Anoplolepis gracilipes (see Chapter 
2). The spread of these ants are usually facilitated by habitat degradation (Abbott 
2005, 2006, McNatty et al. 2009) and are known to disrupt the native insect 
communities (Sarty et al. 2007). Hence, the third goal of the study is to evaluate the 
spatial variation in the A. gracilipes’ responses to habitat fragmentation and 
degradation, and its effects on the native insect communities. Finally, the fourth goal 
of the study is to identify suitable insect surrogate as an indicator of habitat 
degradation for making informed decisions regarding restoration management of the 
degraded forest fragments of the Attappady hills. 
 
Methods 
Data collection 
Ground-dwelling insects 
The ground-dwelling insects were sampled using pitfall traps from the twenty eight 
study sites (Figure 2.1), in January (early-summer) and May (late-summer) of 2008 
and 2009. Plastic jars of 500 ml capacity, 12.5 cm in height and 6 cm diameter, were 
used as pitfall traps. The traps were sunk into the soil so that the mouth was level with 
the soil surface. 50% Iso-propyl alcohol mixed with a drop of glycerol was used as 
preservative in the pitfall traps. At each site, 10 pitfall traps were laid on the centroids 
of the 10 m2 permanent vegetation plots (see vegetation sampling in Chapter 2) along 
the two 300 m X 10 m transects (Figure 2.2 c). The traps were retrieved after five 
days, and the insects were cleaned and preserved in 70% ethanol for identification in 
the lab. 
 
The collected insects were identified to Order, Family and then sorted to 
morphospecies. The ants (Fam: Formicidae) were identified to sub family and genera 
using Bingham (1903) and Bolton (1994), while the remaining insects were identified 
to family using identification keys by Naumann et al. (1970). As it is not possible to 
identify every insect to species level in a multitaxon approach, a more practical 
morphospecies or the Recognisable Taxonomic Unit (RTU) approach was adopted. A 
morphospecies is a morphologically distinct and recognizable organism that 
represents an assumed species and is a relatively robust indicator of true species 
identity (Oliver and Beattie 1996). Further, individual RTUs were assigned to 
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different functional groups (FGs) based on equivalent functional roles in communities 
(Blondel 2003). Since there is not sufficient functional information available for the 
vast majority of insect species, the FGs assessments were done mainly based on 
feeding traits (functional feeding groups), and not exclusively on taxonomic 
membership. Thus, for some groups (e.g. Heteroptera, Diptera, Coleoptera etc.) 
different species of the same taxon that are members of different trophic levels are 
allocated to different FGs. Although defining FGs in such a way is not a perfect 
approach, it is an efficient and useful step forward to relate diversity and ecosystem 
function (Bengtsson 1998, Tilman 2001). Hence, the insects were classified as, either 
predators, herbivores or detrivores based on their mouth parts and through literature 
(Naumann et al. 1970). The ants were excluded from the feeding guild analysis as a 
majority of them are omnivores. The voucher specimens are housed in ATREE Insect 
Museum (AIM-B) for further taxonomic studies and future references. 
 
The response variables included species richness and composition of the six datasets 
derived from the insect database. These datasets are: (1) entire ground-dwelling 
insects; (2) ants; (3) epigeic beetles; (4) detrivores; (5) herbivores; and (6) predators. 
Here, the species richness for a site was defined as the total number of species from 
the ten pitfall traps. The species compositions were represented by the community 
matrices with species as rows and sites as columns. 
 
Environmental and habitat variables 
The environmental predictors included topographic, vegetation, soil and disturbance 
related variables (Table 4.1). The topographic variables included elevation, slope and 
aspect. The ASTER Global Digital elevation model (GDEM) for the study area was 
downloaded from the NASA Land Processes Distributed Active Archive Center (LP 
DAAC, USGS 2011), to sample elevation (m) for the centroids of each 10 m2 plots. 
Subsequently, the DEM grid (30 m X 30 m) was used to generate slope (in degrees), 
and aspect (in degrees). For statistical analysis, the circular variable aspect was 
transformed into a linear north-south gradient (northness) and an east-west gradient 
(eastness) by performing cosine and sine transformations, respectively. Northness 
varies from -1 (south facing) to 1 (north facing), and eastness varies from -1 (west 
facing) to 1 (east facing). 
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Table 4.1 Summary of the fourteen environmental variables included for the regression and 
ordination analyses. 
Variable Mean Median Range 
Patch area (ha) 100.23 33.81 7.81 — 692.3 
Edge area (%) 9.2 8.66 0.94 — 20.17 
Elevation (m) 633.6 604.6 523.6 — 831 
Slope (Sexagecimal degree) 17.07 16.2 10.42 — 23.35 
Eastness 0.004 0.006 - 0.172 — 0.125 
Northness 0.009 -0.0006 - 0.077 — 0.158 
Road length (km) 2.77 2.68 0.57 — 6.11 
Population density (persons/km2) 70 75 0 — 190 
Soil moisture (%) 49.16 43.85 21.50 — 86.75 
Soil pH 6.24 6.26 5.8 — 6.8 
Canopy cover (%) 59.64 60 20 — 100 
PlantsShannon diversity (H’) 2.49 2.45 1.98 — 2.89 
PlantsSpecies richness (S) 115 116 75 — 191 
Plants Evenness (J) 0.53 0.52 0.43 — 0.60 
 
The habitat related variables included species richness, diversity and evenness of 
woody plants, canopy cover, patch area, percentage of edge area, soil pH and 
moisture, human population density and road length. The total plant species richness 
for each site was represented by total number of plant species from the ten 10 X 10 m2 
plots. The plant diversity (Shannon’s diversity (H') [equation 4.1]; Stohlgren 2007) 
and evenness (J) [equation 4.2]; Magurran 2004)  indices were calculated for each 
site, using Vegan package (Oksanen et al. 2012) for community data analysis on R 
software (R Development Core Team 2012). 
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Where, ni is the abundance of the ith species of total species in the sample (S). 
N is the density of all species in the sample.  
 
        	( ) =
 ′
  	( )
 
Where, H'is Shannon’s diversity index. 
S is species richness 
 
Since abundance is incorporated in the calculation of evenness, the index J is sensitive 
to dominance by any one or a few species. Values of J range from 0 to 1. Values 
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closer to 0 indicate that the site is dominated by a single species, while values of J 
closer to 1 indicate that all species are equally abundant. 
 
The percentage canopy cover at the four corners of each plot was estimated using a 
spherical densiometer, and were averaged. Further, the median values for canopy 
cover for each site was derived. In this study, the canopy cover was chosen as a 
surrogate for the vertical vegetation structure. In addition, the variables related to the 
abiotic factors such as the soil pH and moisture content were measured using Kelways 
soil pH and Moisture meter (accuracy: pH ± 0.2; moisture ± 10%).  
 
The area of the edge was calculated as the product of the perimeter of the sites and the 
width of the edge, taken as 5 m. This width is appropriate for most ground-dwelling 
insects (Magura et al. 2000). Furthermore, percentage of the edge area from the total 
patch area was calculated. The values for human population density and road length 
were extracted within 1 km buffer around each site polygon. From the site polygons, 
the area covered by each forest fragment was extracted as values in hectares. All the 
GIS based analyses were performed using Clark University’s IDRISI Taiga (Eastman 
2009). The relevant shapefiles were acquired from the AHADS’s GIS department. As 
these shapefiles were based on the data collected by AHADS in 2005, these were 
considered to be close to the period of insect sampling (2008-2009). 
 
Spatial descriptor variables 
The spatial descriptor variables were generated through the principal coordinates of 
neighbor matrices approach (PCNM; Borcard and Legendre 2002, Borcard et al. 
2004). Unlike the traditional trend surface analysis, the PCNM approach has two 
distinct advantages to modelling spatial dependence viz. (1) all the principal 
coordinates are orthogonal and therefore uncorrelated independent variables, and (2) 
spatial dependence can be detected over a wider range of scales. 
 
The PCNM approach involves three steps to produce a suite of spatial descriptor 
variables (called PCNMs). The steps include: (1) calculation of a Euclidian distance 
matrix comprised of the geographic distances between sites, (2) modification of the 
geographic distance matrix by replacing distances greater than the minimum needed 
for all sites to remain connected within a network, and (3) principal coordinates 
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analysis on the modified distance matrix. The principal coordinate axes that 
correspond to positive eigenvalues (i.e., Moran’s I [equation 3.1] larger than the 
expected Moran’s I [equation 3.2]) are retained as the set of explanatory PCNM 
variables. These PCNMs are characterized by amplitude and frequency representing 
wave-like spatial patterns. Each successive PCNM variable starting from the first to 
the last differs in its amplitude and frequency representing different spatial scales. The 
first few PCNMs has high-amplitude and low- frequency pattern, while the last few 
PCNMs have low- amplitude and high-frequency patterns. Thus, each PCNM variable 
can be used to model spatial dependence in response variable at specific spatial scales 
in multiple regression or ordination analyses. 
 
The PCNM analysis of the site centroids produced 17 PCNM variables based on a 
truncation distance of ~4.2 km. Of these, only ten PCNM variables (Moran’s I > E (I) 
= - 0.03703704) that model positive spatial correlation were retained. Since the 
sampling design is irregular; I arbitrarily refer to PCNM variables 1–4 as broad-scale 
spatial patterns, 5–7 as medium-scale, and 8–10 as fine-scale patterns. The broad-
scale pattern roughly corresponds to the entire study area (~230 km2), medium-scale 
pattern corresponds to clusters of few sites, and fine-scale pattern corresponds to 
neighbouring sites. Thus, PCNM method allows defining and examining regional 
influences across a continuous range of scales. 
 
Data analysis 
Spatial autocorrelation 
The presence of spatial autocorrelation in all the environmental and univariate 
response variables (species richness) were tested using Moran’s I index (Legendre 
and Legendre 1998). The Moran’s I index varies between -1 to +1, where positive 
values indicate the presence of the positive spatial autocorrelation. Spatial 
correlograms were constructed using Moran’s I at 10 distance classes. Each lag 
distance class was 2 km wide to a maximum of 20 km. Each correlogram was tested 
for global significance using a Bonferroni-corrected α* of 0.05/10= 0.005 (10 lags; 
Legendre and Legendre 1998, Lichstein et al. 2002). The significance of Moran’s I at 
each lag distance class was assessed using progressive Bonferroni correction 
(Legendre and Legendre 1998, Lichstein et al. 2002). In addition, spatial patterns 
present in the data were characterised visually based on the spatial correlogram plots. 
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For instance, a trend in the correlogram, from positive through zero to negative spatial 
autocorrelation with increasing distance is indicative of a gradient in the data. On the 
contrary, a plot showing either levelling off of values around the expected value or 
fluctuating around the expected value is indicative of absence of spatial patterns 
(Fortin and Dale 2005). 
 
For the species composition data matrices, spatial autocorrelation was tested using 
Mantel correlogram (Sokal 1986, Oden and Sokal 1986). In this method, normalized 
Mantel statistic (rM: analogous to Pearson’s r coefficient) is computed between 
species dissimilarity matrix among sites and a matrix where pairs of sites belonging to 
the same distance class. The significance of rM at each lag distance class was assessed 
using Holm’s correction after 999 permutations. 
 
Environmental and spatial variations in species richness 
A general approach was adopted to include the effects of environmental variables and 
spatial dependence in response variables by using multiple regression and variance 
partitioning methods (Borcard et al. 1992, Borcard et al. 2004). First, a sub model of 
environmental variables was fit to the response variables using multiple regression. 
Second, a separate multiple regression sub model was fit using spatial variables 
derived from the PCNM analysis of the site locations. Finally, since separate 
environmental and spatial sub models assumes that spatial and environmental 
variables have additive effects on species richness, only the significant variables from 
the two sub models were combined into an overall regression model (Legendre and 
Legendre 1998, Meot et al. 1998). Furthermore variance partitioning was used to 
determine the relative importance of pure environmental variation, spatially 
dependent environmental variation, and pure spatial dependence in response variables 
(Legendre and Legendre 1998, Borcard et al. 2004). Spatially dependent 
environmental variation and pure spatial dependence both contribute to spatial 
autocorrelation in species responses are commonly measured along environmental 
gradients (Crist 1998, Legendre and Legendre 1998, Wagner 2003, Borcard et al. 
2004). 
 
For the environmental sub model, a total of fourteen environmental variables were 
considered. Prior to regression, the predictor variables were checked for collinearity 
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using Pearson's cross-correlations among predictor variables (Table 4.2) and the 
variance inflation factor (VIF; Neter et al. 1996). The VIF quantifies the severity of 
multicollinearity in an ordinary least squares regression analysis. It provides an index 
that measures how much the variance of an estimated regression coefficient is 
increased because of collinearity. Whenever high collinearity was indicated (Pearson's 
r ± 0.40 and VIF >10; Neter et al. 1996), the predictors which are ecologically more 
relevant were retained and the others were discarded. Thus, the final set of 
explanatory variables considered were edge proportion, evenness (J) for plants, slope, 
northness, eastness and soil pH. 
 
The quantile-quantile plots and Shapiro-Wilks test for normality indicated that all the 
response variables had a normal variance. Further, the best-fitting multiple regression 
models were selected based on the lowest value of the bias corrected Akaike’s 
Information Criterion for small samples (AICc [equation 3.3]; Burnham and 
Anderson 2002) out of all possible regression models. The resultant best predicted 
variables for both sub models were then combined into an overall regression model to 
partition the total variance into (a) pure environmental variation; (b) spatially 
dependent environmental variation; (c) pure spatial dependence; and (d) Unexplained 
variation (Legendre and Legendre 1998, Borcard et al. 2004). The calculations for 
variation partitioning are:  
(a) = R2 (OLS overall) – R
2 (OLS spatial); 
(c) = R2 (OLS overall) – R
2 (OLS environmental); 
(b) = R2 (OLS overall) – (a + c); 
(d) = 1 - R2 (OLS overall), where OLS is the ordinary least squares regression 
 
Environmental and spatial variations in species composition 
Direct linear ordinations were used to investigate how community composition was 
structured by environmental and spatial dependence. Redundancy analysis (RDA) 
assumes a linear response of species abundances to environmental variables, and is 
therefore the multivariate counterpart to univariate multiple regressions (ter Braak 
1995, Legendre and Legendre 1998). Separate RDA analysis for the environmental 
and spatial sub models were performed by choosing from the same set of predictor
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Table 4.2 Pearson’s correlation between the fourteen environmental and habitat variables with 
significance values (P < 0.05) shown in bold. 
  Area Edge area Elevation Slope Eastness 
Area X 
Edge area -0.76 X 
Elevation 0.25 -0.45 X 
Slope -0.18 0.00 0.29 X 
Eastness -0.01 -0.11 0.19 0.11 X 
Northness 0.27 -0.09 0.03 -0.13 -0.18 
Road length -0.46 0.59 -0.41 -0.03 0.01 
Population density -0.60 0.64 -0.56 0.12 -0.41 
Soil moisture 0.61 -0.49 0.27 -0.32 -0.04 
Soil pH -0.30 0.30 -0.12 -0.05 -0.04 
Canopy cover 0.68 -0.68 0.23 -0.21 0.03 
PlantsShannon diversity (H’) 0.29 -0.42 0.36 0.00 -0.19 
PlantsSpecies richness (S) 0.62 -0.57 0.20 -0.11 0.21 
Plants Evenness (J) 0.06 -0.17 0.30 0.06 -0.33 
Continued 
  Northness 
Road 
length Population density 
Soil 
moisture Soil pH 
Northness X 
Road length -0.55 X 
Population density -0.27 0.60 X 
Soil moisture 0.24 -0.36 -0.45 X 
Soil pH 0.22 -0.09 0.00 -0.05 X 
Canopy cover 0.22 -0.37 -0.56 0.53 -0.15 
PlantsShannon diversity (H’) 0.18 -0.32 -0.33 0.44 0.04 
PlantsSpecies richness (S) 0.31 -0.41 -0.46 0.30 -0.25 
Plants Evenness (J) 0.06 -0.15 -0.14 0.35 0.15 
Continued 
  
Canopy 
cover 
PlantsShannon 
diversity (H’) PlantsSpecies richness (S) 
Plants Evenness 
(J) 
Canopy cover X 
PlantsShannon diversity (H’) 0.58 X 
PlantsSpecies richness (S) 0.59 0.37 X 
Plants Evenness (J) 0.34 0.89 -0.07 X 
 
variables as in multiple regressions. Predictor variables were chosen using forward 
selection of variables that explained a significant (p < 0.10) amount of variation in the 
species abundance data as determined by 9999 permutation tests. The inclusion of 
variables in the model with a permutation test of p < 0.10 was based on the 
observation that some variables included in the multiple regression models using the 
AICc criterion had a univariate t-test with a p < 0.10. The variation in the community 
composition explained by the significant variables from the environmental and spatial 
sub models were used for partitioning the variation into pure environmental, spatially 
correlated environmental and pure spatial variations. The variation partitioning was 
carried out through the VARPART function of the VEGAN community package 
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(Oksanen et al. 2012) for R statistical software (R Development Core Team 2012). 
The significance tests for the components except spatially correlated environmental 
variation was assessed based on 9999 permutations. The results of these analyses are 
reported for species composition of woody plants and seedlings based on primary 
seed dispersal modes. 
 
Responses of insect species richness to vegetation diversity 
The species richness of the insect taxonomic groups and feeding guilds were 
correlated with the species richness, density and diversity of woody plants using 
Pearson’s correlations. These analyses were conducted to establish relationships 
between the insect species richness and various categories of woody plants (H+N+P, 
emergents (N), shrubs (native and invasive), see Chapter 3) 
 
Environmental and spatial variations in the abundance of Anoplolepis gracilipes 
The abundance of A. gracilipes alone, constituted more than 50 per cent of the total 
insects captured. Therefore, to determine the factors that may affect the population of 
the species, the abundance of A. gracilipes (response variable) was correlated with the 
environmental and the spatial (PCNM) variables, under two separate submodels. The 
significant environmental and spatial variables were then combined for an overall 
model. From the three resultant R2 values, the variations were partitioned under pure 
environmental (E), pure spatial (S) and spatially induced environmental (S+E) 
variations. Furthermore, the effect of A. gracilipes’ abundance on the diversity of 
native insect communities and insect feeding guilds were evaluated through partial 
regression. Partial regressions were used to control the effects of other environmental 
variables that were found significant from the previous analysis. 
 
Site classification and indicator species 
Multivariate regression tree analysis (MRT) was used to classify the sites into groups 
based on the similarities among the environmental variables. MRT employs binary 
recursive partitioning to model the species environmental relationship (De’ath 2002). 
This technique employs Euclidean distance to summarise between site differences in 
community composition. The method separates groups of sites along the axis of the 
environmental variables so as to minimise the sum of squared Euclidean distance 
(SSD) within the resultant groups. The explanatory variable that leads to the least 
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within group SSD is selected. The process is then repeated on the resultant groups, 
allowing alternative predictor variables to be selected at different levels. The amount 
of variation attributable to the final MRT model is determined by calculating the 
proportion of the SSD from the entire data set that remains in the MRT groups. 
 
Furthermore, indicator species analysis (INDVAL) was employed to determine which 
species characterised the final MRT designated groups, and which were significantly 
associated with the splits in the tree (Dufrene and Legendre 1997). The indicator 
value of a species (INDVAL) is obtained by a combination of large mean abundance 
within a group compared to other groups (specificity) and presence in most sites of 
that group (fidelity). The index takes values from 0 to 100, the latter being where a 
species occurs in all the sites within a group but in no other site. The statistical 
significance of the species' association within a group or partition in the tree was 
determined by a permutation test with 500 iterations. 
 
Results 
Spatial autocorrelation 
Environmental and habitat variables 
The edge area (global Moran's I = 0.5286; p < 0.0001) and Shannon diversity of 
plants (global Moran's I = 0.5629; p < 0.0001) showed positive spatial autocorrelation 
significant at the first two lag distances (i.e., 2 and 4 km; Figure 4.1), among the final 
set of six environmental and habitat variables considered for this study. 
 
Insect species richness  
Among the three insect groups, although positive spatial autocorrelation was detected 
at the first three successive lag distances for the species richness of entire ground-
dwelling insects (global Moran's I = 0.3837; p < 0.0001), it was restricted to the first 
lag distance (2 km) for ants (global Moran's I = 0.2431; p < 0.01) and the beetles (lag 
distances: 4 and 6 km; global Moran's I = 0.4215; P < 0.0001). Similarly, the species 
richness of detrivorous insects (global Moran's I = 0.5203; p < 0.0001) and 
herbivorous insects (global Moran's I = 0.3424; p < 0.001) showed positive spatial 
autocorrelation at the second and third lag distances. However, the species richness of 
the predators did not show similar patterns (global Moran's I = 0.1138; p < 0.08). On 
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examining the spatial correlograms (Figure 4.2), the Moran's I values passed from 
positive through zero to negative spatial autocorrelation with increasing lag distances 
for all the response variables apart from the species richness of the predators. This 
indicated the probable responses of various insect groups to the disturbance gradient 
observed across the study sites. Furthermore, the spatial correlogram for the predatory 
species indicated a patchy distribution, as the Moran's I values fluctuated around the 
expected value. 
 
 
Figure 4.1 Moran’s Istd correlograms of the four environmental variables. (Solid circles indicate 
significance (one-tailed test (α = 0.05)) for positive spatial autocorrelation adjusted using progressive 
Bonferroni correction. Open circles indicate non significance). 
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Figure 4.2 Moran’s Istd correlograms of the six different species richness values of the insect 
datasets. (Solid circles indicate significance (one-tailed test (α = 0.05)) for positive spatial 
autocorrelation adjusted using progressive Bonferroni correction. Open circles indicate non 
significance). 
Insect species composition 
The Mantel's correlograms for the species composition of the ground-dwelling insects 
showed positive spatial autocorrelation only at the first lag distance (2 km). When the 
beetle communities were considered alone, the spatial autocorrelation was significant 
at the first two successive lag distances (2 and 4 km), while it was restricted to the 
first lag distance (2 km) for the ant assemblages. This indicated that the neighbouring 
sites within 4 km radius were similar in the species composition of the beetles and 
ground-dwelling insects including ants were similar in the neighbouring sites within a 
radius of 2 km. Similarly, the Mantel's correlograms for the species compositions of 
detrivores and herbivores showed positive spatial autocorrelation at two successive 
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lag distances (2 and 4 km). However, no such pattern was observed for the species 
composition of the predatory insects. Additionally, the Mantel's correlation (rM) 
values passed from positive through zero to negative spatial autocorrelation with 
increasing lag distances, which indicated the presence of gradient in the species 
composition datasets. 
 
Effects of environmental and spatial variations on insect species richness 
All the overall models explained a statistically significant amount of variation in 
species richness (Table 4.3), but the percentage of the total variation explained by 
environmental and spatial dependence differed among different response groups 
(Table 4.4). Among the taxonomic groups, the species richness of the entire ground-
dwelling insect communities and the ants were characterised by broad- and medium-
scale spatial variables. However, the medium- and fine-scale spatial patterns were 
observed when only beetles were considered (Table 4.3). Similarly among the insect 
feeding guilds, the species richness of the detrivores and the herbivores were 
characterised by broad- and medium-scale spatial variables. However, the predatory 
species richness were characterised by fine-scale spatial patterns along with the 
broad- and medium-scales. Among the environmental submodels, the percentage of 
edge area was the most important predictor variable of the species richness of all the 
taxonomic groups and the insect feeding guilds. The positive correlation between the 
edge area and all the dependant variables indicated that habitat disturbance positively 
affected the insect diversity in the region. In addition to the edge area, the evenness 
index of the vegetation (Evenness J) was the next important predictor variable, which 
negatively correlated with the beetles and the predatory insects. 
 
Furthermore, the variation partitioning revealed that the environmental variables (E) 
explained between 0 – 12% of the total variation, whereas pure spatial dependence 
(S) accounted for 10 – 42%, and spatially induced environmental variation (S+E) 
explained 0 – 29%, when all the groups were considered simultaneously (Table 4.5). 
However, when the variations explained by the three components for each of the 
response variables were compared individually, the pure spatial dependence (S) 
explained a large proportion of variation followed by the spatially induced 
environmental variation (S+E). In contrast, the proportion of variation explained by 
the pure environmental dependence (E) was the least in each case. The higher 
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Table 4.3 Multiple linear regression of the species richness of the six insect groups with environmental, spatial and overall models 
Community Environmental submodel   Spatial submodel Overall model 
Type Predictors Parameter t P Predictors Parameter t P 
    estimate         estimate       
a. Taxonomic 
Groups 
Ground-dwelling Edge area 0.02711 2.557 0.017 PCNM 2 0.000293 3.93 0.00066 F(5,22) = 6.703 
Insects PCNM 5 -0.000307 -2.67 0.01369 P = 0.0006 
PCNM 6 0.000304 1.94 0.06361 
PCNM 7 -0.000338 -2.12 0.04468 
Ants Edge area 0.5932 1.908 0.0675 PCNM 2 0.000301 2.93 0.00747 F(5,22) = 6.602 
PCNM 5 -0.000393 -2.48 0.02078 P = 0.0006 
PCNM 6 0.000439 2.58 0.01658 
PCNM 7 -0.000429 -1.89 0.07135 
Beetles Edge area 0.05697 3.266 0.0032 PCNM 5 0.000488 4.873 0.00008 F (8,19) = 11.12 
Evenness 0.0585 2.19 0.038 PCNM 6 0.000427 3.152 0.0048 P = 0.0001 
PCNM 7 -0.000335 -2.157 0.0427 
PCNM 8 -0.000664 -3.983 0.0006 
PCNM 9 0.000781 3.7 0.0013 
PCNM 10 -0.000591 -2.77 0.0121 
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b. Insect FGs 
Detrivores Edge area 0.3501 2.095 0.0464 PCNM 2 0.000332 2.92 0.0079 F (7,20) = 5.231 
Slope 0.0529 2.07 0.049 PCNM 4 0.000327 2.139 0.0437 P = 0.0016 
PCNM 5 -0.000314 -1.947 0.0644 
PCNM 6 -0.000738 -3.92 0.0007 
PCNM 7 0.000461 1.937 0.0657 
Herbivores Edge area 0.2472 2.001 0.056 PCNM 2 0.000352 3.971 0.0005 F (5, 22) = 5.666 
PCNM 6 -0.000326 -2.22 0.0361 P = 0.0025 
PCNM 7 0.000319 1.715 0.0992 
Predators Edge area 0.2897 1.918 0.0671 PCNM 4 0.000436 2.641 0.0149 F (8, 19) = 6.704 
Slope 0.0696 3.037 0.0056 PCNM 6 -0.000513 -2.525 0.0192 P = 0.0004 
Evenness -3.5508 -2.37 0.0264 PCNM 7 0.000525 2.042 0.0533 
PCNM 8 -0.000611 -2.325 0.0296 
PCNM 10 -0.000102 -3.107 0.0051 
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Table 4.4 Summary of the redundancy data analysis (RDA) for the six insect composition datasets with environmental and spatial 
models. 
Community   Environmental submodel   Spatial submodel 
Type   Predictors Canonical eigenvalues   Predictors Canonical eigenvalues 
a. Taxonomic groups 
Ground-dwelling Edge area 0.1834 PCNM 1,2,3,6 0.3323 
Insects   Eastness         
Ants Edge area 0.1978 PCNM 1,2,3,6 0.3561 
    Eastness         
Beetles Plant (Eveness (J)) 0.2215 PCNM
 2,3,6,7,9 0.3725 
    Edge area         
b. Insect FGs 
Detrivores Edge area 0.2028 PCNM 2,3 0.2241 
Plant (Eveness (J)) 
    Eastness         
Herbivores   Ns --   PCNM 2,3,4 0.1753 
Predators   Ns --   PCNM 8,9,10 0.1974 
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Table 4.5 Summary of the breakup of the total variation explained in species richness and compositions for the six insect datasets into pure environmental, 
pure spatial and spatially induced environmental variations. 
Response Community Pure environmental Pure Spatial Spatially induced Unexplained 
variables type variation (E) variation (S) environmental variation (S+E) variation 
Species richness a. Taxonomic groups 
Ground-dwelling insects 1.44 34.34 15.58 48.64 
Ants 7.15 42.02 1.75 49.08 
  Beetles 4.35 42.2 28.4 25.05 
b. Insect FGs 
Detrivores 0 32.97 19.34 47.69 
Herbivores 0 28.42 12.46 59.13 
  Predators 12.3 21.14 29.39 37.17 
Species composition a. Taxonomic groups 
Ground-dwelling insects 2.56 12.95 8.86 75.6 
Ants 2.55 13.6 10.81 73.03 
  Beetles 3.68 15.93 12.24 68.14 
b. Insect FGs 
Detrivores 4 9.89 6.3 79.79 
Herbivores 0 17.53 0 
  Predators 0 17.21 0   
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variations explained by spatially induced environmental variation (S+E), therefore, 
indicated that the response variables (species richness) were correlated to the 
environmental variables that are spatially correlated along the disturbance gradient 
across the study area. 
 
Effects of environmental and spatial variations on insect species composition 
The spatial models for the species compositions of ground-dwelling insects and the 
ants were mostly characterised by broad-scale spatial variables, while the composition 
of the beetles were characterised by medium- and fine-scale spatial variables (Table 
4.4). Similarly, the species compositions of the detrivorous and herbivorous insects 
were characterised by broad-scale spatial variables, while the predators were 
characterised by fine-scale spatial variables. Similar to the univariate results, the edge 
area and evenness were the most important environmental variables that explained 
variation in species compositions of the ground-dwelling insects, ants, beetles and the 
detrivores. However, none of the environmental variables explained the variation in 
the species compositions of the herbivorous and predatory insects. The variation 
partitioning revealed that the environmental variables explained between 0 – 4% of the 
total variation, whereas pure spatial dependence accounted for 10 – 18%, and spatially 
induced environmental variation explained 0 – 12% when all the groups were 
considered simultaneously (Table 4.5). In general, the spatially induced environmental 
variation (S + E) and the pure spatial variation (S) comprised a larger proportion of the 
total variation indicating that these insect communities are spatially autocorrelated and 
are also structured in response to the environmental variables that are spatially 
correlated. 
 
Responses of Insect species richness to vegetation diversity 
The species richness of the six insect groups responded differentially to vegetation 
diversity measures (Table 4.6). Based on the past and present management of these 
habitat fragments, only ground-dwelling insects and herbivores negatively responded 
to the species richness and densities of the woody plants of HNP and emergents (N) 
datasets. Although the responses of ground-dwelling insects and herbivores were 
significant for HNP woody plants, the correlation coefficient (r) value increased when 
only the emergents (N) were considered. Further, the species richness of the ground-
dwelling insects, beetles, herbivores and predators responded differently to the
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Table 4.6 Correlation test (two sided) between various insect groups and the diversity measures of 
the woody plants (H+N+P, emergents (N), native and invasive shrubs) (correlation coefficient r is 
given in parenthesis; N not significant; * p significant at α = 0.05; ** p significant at α = 0.01). 
  HNP woody plants (trees) 
Insect groups (species richness) species richness Density diversity 
Ground dwelling insects -1.802 (0.33)ᴺ -2.066 (0.37)* -1.626 (0.30)ᴺ 
Ants -1.603 (0.30)ᴺ -1.614 (0.30)ᴺ -1.056 (0.20)ᴺ 
Beetles -1.159 (0.22)ᴺ -1.440 (0.27)ᴺ -1.270 (0.24)ᴺ 
Herbivores -2.404 (0.42)* -2.430 (0.43)* -1.791 (0.33)ᴺ 
Detrivores -0.600 (0.11)ᴺ -0.517 (0.10)ᴺ -1.184 (0.22)ᴺ 
Predators -0.693 (0.13)ᴺ -1.956 (0.35)ᴺ -0.574 (0.11)ᴺ 
  emergent (N) trees 
Insect groups (species richness species richness Density diversity 
Ground dwelling insects -1.958 (0.35)ᴺ -2.097 (0.38)* -1.696 (0.31)ᴺ 
Ants -1.595 (0.29)ᴺ -1.243 (0.23)ᴺ -1.190 (0.22)ᴺ 
Beetles -1.536 (0.28)ᴺ -1.778 (0.32)ᴺ -1.506 (0.28)ᴺ 
Herbivores -2.943 (0.49)** -3.073 (0.51)** -2.523 (0.44)* 
Detrivores -0.712 (0.13)ᴺ -0.789 (0.15)ᴺ -1.076 (0.20)ᴺ 
Predators -0.628 (0.12)ᴺ -1.692 (0.31)ᴺ -0.065 (0.01)ᴺ 
  Shrubs (native)  
Insect groups (species richness species richness Density diversity 
Ground dwelling insects -1.096 (0.21)ᴺ -2.649 (0.46)* -0.912 (0.17)ᴺ 
Ants -1.069 (0.20)ᴺ -1.412 (0.26)ᴺ -1.337 (0.25)ᴺ 
Beetles -0.360 (0.07)ᴺ -2.415 (0.42)* -0.372 (0.07)ᴺ 
Herbivores -1.335 (0.25)ᴺ -2.833 (0.48)** -1.314 (0.25)ᴺ 
Detrivores -0.117 (0.02)ᴺ -1.652 (0.30)ᴺ 0.313 (0.06)ᴺ 
Predators -0.883 (0.17)ᴺ -1.926 (0.35)ᴺ -0.365 (0.07)ᴺ 
  Shrubs (invasive) 
Insect groups (species richness species richness Density diversity 
Ground dwelling insects 1.339 (0.25)ᴺ 1.406 (0.26)ᴺ 0.794 (0.15)ᴺ 
Ants -0.051 (0.01)ᴺ -0.661 (0.12)ᴺ -0.021 (0.01)ᴺ 
Beetles 2.250 (0.40)* 2.234 (0.40)* 1.509 (0.28)ᴺ 
Herbivores 1.233 (0.23)ᴺ 2.947 (0.50)** 1.388 (0.26)ᴺ 
Detrivores 2.003 (0.36)ᴺ 1.526 (0.28)ᴺ 1.151 (0.22)ᴺ 
Predators 1.024 (0.19)ᴺ 2.25 (0.41)* -0.173 (0.03)ᴺ 
 
densities of native and invasive shrubs. The ground-dwelling insects, beetles and 
herbivores negatively responded to the densities of the native species shrubs. On the 
contrary, beetles, herbivores and predators positively responded to the densities of 
invasive shrubs. 
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Effects of environmental and spatial variations on the abundance of Anoplolepis 
gracilipes 
The abundance of A. gracilipes showed positive correlation with the edge area (%) at a 
broad spatial scale (PCNM 2) (Table 4.7). This indicated that the population of A. 
gracilipes was well established in the degraded patches of the Attappady hills in 
comparison to the less disturbed Anaikatty forests (Appendix 2.1). In addition, the 
variation partitioning revealed that the spatially induced environmental dependence 
(S+E) explained the highest proportion of variation (15.56%) followed by the pure 
environmental dependence (E: 1.96%). Furthermore, the partial regressions revealed 
that the abundances of A. gracilipes did not affect the native insect communities 
(Table 4.8). 
Table 4.7 Multiple linear regression of the A. gracilipes’ abundance with environmental, spatial 
and overall models 
Environmental submodel   Spatial submodel 
Overall 
model 
Predictors Parameter T P Predictors Parameter T P 
  estimate         estimate       
Edge area 0.02711 2.557 0.017 PCNM 2 0.0022 2.203 0.036 
F(2,25) = 
3.282 
P = 
0.0542 
                    
 
Site classification and indicator species 
The recursive partitioning procedure employed by MRT analysis with all the six 
environmental variables produced a tree, where the sites are segregated into two 
branches explaining 14.41% of the species variance (Figure 4.3). The degraded sites 
from the Attappady hills (group 2) and the reference sites from the adjoining 
Anaikkatty hills (group 1) formed these distinct branches and the edge area was the 
only variable responsible for the division of the tree. Of the 26 insect morphospecies 
that had a significant indicator values (IndVal > 46), 15 were characteristic of the 
'group 1' sites, which are relatively less disturbed (Table 4.9). Thirteen morphospecies 
were ants within the 'group 1' indicator species. The remaining insect species 
represented the invasive ant, Anoplolepis gracilipes, along with the beetle species 
(Fam: Carabiidae, Tenebrionidae and Scarabaeidae), which were confined to the 
degraded sites of the Attappady hills. 
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Table 4.8 Responses of the species richness of various insect groups and 
feeding guilds to the A. gracilipes’ abundance after controlling the edge effects 
through partial linear regression (* Ants excluding A.gracilipes). 
community type   parameter estimate T P 
Ground-dwelling insects 0.0027 1.543 0.134 
Ants* 0.00238 0.93 0.361 
Beetles 0.00319 0.991 0.331 
Herbivores 0.02208 1.034 0.31 
Detrivores 0.00432 1.391 0.176 
Predators   0.00091 0.283 0.781 
 
Table 4.9 List of indicator species based on MRT and INDVAL analysis. 
Species Groups IV P value 
Tapinoma sp1 1 96.97 0.001 
Technomyrmex sp1 1 92.75 0.001 
Tetramorium sp2 1 88.68 0.001 
Lepisiota sp1 1 87.21 0.001 
Polyrhachis sp1 1 87.01 0.003 
Polyrhachis sp2 1 86.13 0.003 
Paratrechina sp1 1 86.08 0.002 
Aphaenogaster sp1 1 85.58 0.002 
Cardiocondyla sp1 1 82.2 0.002 
Crematogaster sp1 1 78.93 0.009 
Meranoplus sp1 1 76.32 0.005 
Pheidole sp1 1 75.12 0.007 
Diacamma sp1 1 75.02 0.002 
Labiduriidae.sp1 1 47.5 0.013 
Blatellidae.sp5 1 46.76 0.028 
Anoplolepis gracilipes 2 88.19 0.001 
Pheidologeton sp1 2 87.9 0.003 
Scarabaeidae.sp10 2 87.5 0.002 
Carabidae.sp7 2 79.17 0.005 
Pheidole sp3 2 79.17 0.01 
Scarabaeidae.sp11 2 79.17 0.007 
Tenebrionidae.sp2 2 75 0.019 
Tenebrionidae.sp3 2 75 0.014 
Carabidae.sp6 2 70.83 0.037 
Gryllidae.sp2 2 64.5 0.001 
Monomorium sp5 2 56.61 0.005 
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Figure 4.3 Classification of fragmented habitats into severely degraded 
(group 2) and relatively less disturbed fragments (group 1) based on 
multivariate regression tree (MRT) analysis with edge area as the only 
environmental predictor. 
 
Discussion 
Many studies have demonstrated the effects of habitat area and isolation on insect 
communities (Tscharntke et al. 2002a, Farwig et al. 2009, With and Pavuk 2011, 
Vasconcelos and Bruna 2012, Laura Moreno et al. 2013) which are based upon the 
theory of Island biogeography (MacArthur and Wilson 1967). The original theory of 
Island biogeography took habitat area and isolation into account, but not the change 
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that occur at the habitat edge. Recently, however, the importance of habitat edge has 
been recognised as a major influencing factor on the insect species diversity and 
functional groups (Christie and Hochuli 2005, Deans et al. 2005, Chacoff and Aizen 
2006, de Araujo et al. 2011, de Araujo and do Espirito-Santo Filho 2012). This study 
has demonstrated that the habitat edge had a greater effect in determining the species 
diversity and compositions of different insect assemblages and feeding guilds (Tables 
4.3 and 4.4). This confirms the results of many previous studies that smaller habitat 
fragments support higher species richness (Murcia 1995, Golden and Crist 2000, 
Magura et al. 2001, Grimbacher et al. 2006). Interestingly, there were no evidence for 
positive effects of habitat area on the insect species diversity and functional groups 
(Table 4.10). Several studies have shown that habitat area may affect insect diversity 
either positively or negatively, or may not have any effect (Tscharntke 1992, 
Tscharntke et al. 2002b, Olson and Andow 2008). Such mixed responses may be 
specific to certain taxa or functional groups (Deans et al. 2005, Dupont and Nielsen 
2006). 
 
Table 4.10 Responses of the species richness of various insect groups and feeding guilds to 
the habitat area after controlling the edge effects through partial linear regression. 
community type   parameter estimate T P-value 
          
Ground-dwelling insects   0.0047 0.054 0.957 
Ants 0.0453 0.373 0.712 
Beetles 0.0829 0.545 0.591 
Herbivores -0.283 -0.279 0.782 
Detrivores 0.0142 0.098 0.923 
Predators   -0.0572 -0.371 0.713 
 
Many studies have shown that the nature of the habitat edge also influences insect 
diversity (Lovei et al. 2006). Sattler et al. (2010) found that the habitat boundaries in 
an urban ecosystem harboured very low insect diversity as the habitat fragments were 
surrounded by built-up areas. In contrast, the habitat boundaries of forest fragments 
within agricultural landscapes often contain high insect diversity (Major et al. 2003). 
The edge areas of the fragmented forests of the Attappady hills contained high insect 
diversity because habitat boundaries potentially combine species from two habitat 
types and edge specialists. In this study, therefore, the high insect diversity in the 
forest edges is due to the nature of the landscape matrix (i.e., all the fragmented forests 
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of the Attappady hills are predominantly surrounded by agricultural fields, waste lands 
and human settlements). 
 
Further, the insect responses often suggest that microclimatic conditions mediate 
fragmentation effects. For example, Grimbacher et al. (2006) found that beetle species 
compositions responded to the variation in microclimatic conditions of the habitat 
edges than in the forest interiors. Similarly, edge effects enhance the diversity of the 
insect functional groups. Often the vegetation at the forest edges is more susceptible to 
insect herbivory (Thies et al. 2003, Christie and Hochuli 2005, Valladares et al. 2006). 
Also, edge effect increases the diversity of predators as more insects are susceptible to 
predation in the open than in the forest interiors (Skoczylas et al. 2007). Therefore, the 
positive relationship between the edge area and the three insect functional groups 
confirms the findings of previous studies (Table 4.3). 
 
Fragmentation results in a large number of small habitats that maximize beta diversity 
than compared to large tracts of forests, and thus altering the beta-diversity of insect 
meta-communities (Saunders et al. 1991, Tscharntke et al. 2002a). However, it 
possesses the risk of increasing the extinction probability of area-sensitive species, and 
destabilizes predator-prey interactions (Tscharntke et al. 2002b). In this study, 
although the variation in the insect species compositions was attributed to the edge 
effects, this may be due to the matrix species of the adjoining agricultural lands that 
has contributed to the species turnover. 
 
The habitat quality is also affected by fragmentation due to the advancing of edge 
species towards habitat interiors that may drastically change the microclimatic 
conditions (Soomers et al. 2013). The species richness of beetles is positively 
correlated with the plant evenness index, while it is negatively correlated for the 
predatory insects. In this study, the plant evenness index was used as a surrogate for 
the habitat quality, where the index closer to zero means that the habitat is dominated 
by a single species. A low average evenness in the fragmented habitats of Attappady 
can be attributed to the dominance of weeds in the understorey (see Chapter 3). 
Therefore, the positive relationship between the beetle species richness and the plant 
evenness indicate that the forest fragments with lower densities of weeds harbour more 
beetle species. On the contrary, the negative relationship between the species richness 
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of predatory insects and plant evenness index indicate that the higher densities of 
weeds harbour more predatory insects. The predatory species collected, mostly 
included carabid beetles (Appendix 4). Previous studies have reported that areas that 
are invaded by weeds (Amaral et al. 2013) and frequent weeding practices (Renkema 
et al. 2012) provide ample opportunities for predatory insects to find more prey. 
Therefore presence of weed cover, and frequent weeding by the restorationists have 
resulted in higher richness of predatory insects in the study area. 
 
In addition, habitat quality also affected the species richness of different insect groups. 
Higher richness of beetles, herbivores and predators were found in heavily managed 
forest fragments and those patches that harbour higher densities of invasive plants as 
well. In general, forest fragments that are severely degraded are more prone to insect 
herbivory (Bach and Kelly 2004, Christie and Hochuli 2005, Haynes and Crist 2009, 
Thies et al. 2003, Valladares et al. 2006). 
 
Furthermore, the decomposition of the variations in the diversity and compositions of 
the various insect assemblages and functional group distributions revealed a larger 
proportion of variance explained by the spatially induced environmental variation (S + 
E) than the pure environmental (E) and pure spatial variations (S). These patterns of 
high spatially induced environmental variations indicate the presence of ecological 
gradients. For instance, it is evident from the spatial correlograms that most of the 
habitat variables are also spatially autocorrelated (Figure 4.1). In addition, multi-
collinearity analysis indicated that most of these habitat variables were highly 
correlated with the fragment area (Table 4.2). Therefore, it is concluded that smaller 
habitat fragments experience higher edge effects than the larger forest patches, 
indicating the presence of degradation gradient across the study area. This pattern is in 
agreement with several studies that have considered the spatial distribution of different 
invertebrate taxa in ecological gradients (Muff et al. 2009, Fergnani et al. 2010, 
Carvalho et al. 2011). In addition, the species richness and composition of most of the 
insect groups and the functional groups showed broad- and medium- scale spatial 
dependence, meaning the variations in alpha and beta-diversities were similar in 
neighbouring forest fragments. 
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Anoplolepis gracilipes the yellow crazy ant, is considered to be among the top 100 
most destructive invasive species in the world (Lowe et al. 2000). This species is 
thought to have possibly came from West Africa, which has spread to many other 
localities including India (Shivashankar et al. 1989, Rao and Veeresh 1991). This ant, 
when introduced to new ecosystems, sometimes causes serious problems with 
devastating consequences. A. gracilipes, under suitable conditions, is capable of 
reaching unusually high densities resulting in the formation of supercolonies with 
multiple queens. Under such conditions, workers from different colonies belonging to 
a supercolony do not fight one another. Such behavioural advantages have rendered 
this species to effectively replace the native invertebrate assemblages including other 
ants (Abbott 2005). For example, the densities of A. gracilipes can reach typically > 
2000 ants per m2 (Abbott 2005). The foraging ants at low densities can be observed 
hundreds of metres beyond the main high-density regions of the supercolony (O’Dowd 
et al. 2003), making it difficult to identify the nest boundaries. In the Christmas Island, 
A. gracilipes rapidly eliminated a keystone species, the red land crab (Gecarcoidea 
natalis). This resulted in a major ecosystem disruption through creation of favourable 
conditions for secondary invasions (Green et al. 2001), and thus changing the 
composition and structure of the forest (O’Dowd et al. 2003). In addition to forming 
supercolonies, A. gracilipes occur in high densities in areas where large numbers of 
honeydew-producing scale insects occur. Scale insects provide an abundant 
carbohydrate source for these ants and therefore, possibly contribute to the success and 
continual spread of A. gracilipes (Abbott 2004). The impact associated with high-
densities of A. gracilipes include the disappearance of an endemic skink and nesting 
failures of Sooty terns in Seychelles (Feare 1999), and decline in the populations of the 
red land crab, emerald dove and the endemic Christmas Island thrush(O’Dowd et al. 
2003). However, in the Attappady hills, although no evidence was found for the 
negative impact of the A. gracilipes on the native insect communities, findings 
suggests that the A. gracilipes are well established in at least three forest fragments 
(Table 4.11), which had > 1000 individuals per trap. Additionally, partial regression 
after controlling the edge effect showed that the A. gracilipes’ abundance was 
negatively correlated with the habitat area, which indicates that this invasive ant has 
readily established in the smaller forest fragments, which are prone to degradation. 
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Table 4.11 Summary 
statistics of the abundances 
of A.gracilipes from all the 
fragmented forests studied in 
the Attappady hills. 
Sites Mean ± SD 
S1 27  ±  9 
S2 1330 ± 212 
S3 32 ± 14 
S4 353 ± 127 
S5 37 ± 8 
S6 2402 ± 542 
S7 1326 ± 356 
S8 178 ± 92 
S9 69 ± 35 
S10 65 ± 17 
S12 102 ± 23 
S13 348 ± 164 
S14 210 ± 143 
S16 396 ± 185 
S17 151 ± 21 
S18 305 ± 135 
S19 357 ± 120 
S20 82 ± 25 
S21 10 ± 2 
S22 422 ± 100 
S23 14 ± 3 
S25 49 ± 11 
S26 63 ± 29 
S27 26 ± 9 
N1 10 ± 2 
N2 0 
N3 0 
N4 0 
 
The site classification based on environmental variables and ground-dwelling insect 
responses clearly separated the sites which are severely degraded from the larger 
relatively less disturbed forest fragments. Based on the INDVAL analysis, several ant 
species with indicator values between (97% and 65%) can be used in monitoring the 
biodiversity change in the reference sites. However, the A. gracilipes with an indicator 
value of 88 % was the most frequently encountered species in the degraded forest 
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fragments of the Attappady hills. Hence A. gracilipes can be used as an indicator of 
habitat health in the Western Ghats. Further, this result corroborates the findings 
related to the A. gracilipes and its proliferation in degraded habitats in India and 
elsewhere (Narendra et al. 2011). In this case, the A. gracilipes can be used as an 
indicator species that reflect the biotic or abiotic state (habitat degradation; Lawton 
and Gaston 2001) of the forest fragments of the Attappady hills rather than surrogate 
for the diversity of other species, taxa, or entire communities. Therefore monitoring A. 
gracilipes’ based on a simple cost effective method (presence vs absence) will help 
restorationists to identify habitat fragments that are prone to degradation. 
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CHAPTER 5 
Synthesis 
The potentials of the landscape restoration to ameliorate natural succession in the 
severely degraded forest landscapes are being recognised worldwide today. The 
recent policies of important international organizations like WWF and IUCN also 
reiterates this (Dudley et al. 2005). Landscape restoration doesn’t aim to re-establish 
pristine forest, rather it aims to strengthen the resilience of landscapes and thereby 
keep future management options open. It provides a complementary framework to 
adopt a sustainable management and ecosystem approach in human dominated 
landscapes, where forest loss has caused a decline in the quality of ecosystem 
services. It is largely perceived that the livelihood conditions of people living in the 
rural landscapes can be improved by enhancing the quality of the environment 
through such large-scale interventions. So the primary goal of such projects should 
support communities as they strive to increase and sustain the benefits they derive 
from the management of their land. However, biodiversity recovery remains one 
among several goals and an important performance indicator for monitoring the forest 
landscape restoration efforts. 
 
Though the objectives of restoration may vary considerably within the realm of 
restoration practice, the ultimate goal of restoration is to create a self-supporting 
ecosystem that is resilient to perturbation without further assistance (Urbanska et al. 
1997, SER 2004). Various authors have suggested that restoration success could be 
based on either vegetation characteristics (Walters 2000, Wilkins et al. 2003).   
species diversity (van Aarde et al. 1996, Reay and Norton 1999, Passell 2000, McCoy 
and Mushinsky 2002), or ecosystem processes (Rhoades et al. 1998). In this study, 
however, I have attempted to assess the health of forest fragments under restoration 
based on the performance of insect and plant functional groups. 
 
Devising monitoring programmes that will provide performance evaluations of 
management plans remain one of the most urgent needs of forest landscape restoration 
(Zedler et al. 2012). In these projects, criteria for evaluating ‘success’ of biodiversity 
recovery is typically based on the planting and establishment of specific plants at 
densities prescribed to increase vegetation cover, and documenting the use of restored 
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habitats by other taxa (Baird 1989). Thus management of restored habitats may focus 
largely on maintaining plants or just monitoring targeted species. Hence, these 
projects are often evaluated based on the establishment of dominant vegetation, a 
process better known as “revegetation” in a chronosequence or the substitution of 
space-for-time method. 
 
Study designs based on chronosequence and long-term repeated monitoring are 
widely used, but none are sufficiently rigorous to differentiating between control and 
restored sites and their developmental trajectories are wholly attributable to the 
restoration rather than to other unmeasured factors. For this study also, I have initially 
used the chronosequence method (see Chapter 2). This analysis helped me to realise 
that , different parts of the Attappady landscape may have experienced different levels 
of disturbance from time to time. The non-availability of data from sites prior to the 
restoration was identified as a major drawback during the analysis of data for 
differentiating between reference and restored sites. 
 
For this reason, study designs pertaining to Before-After-Control-Impact (BACI) have 
been developed (Underwood 1991, 1992). These are the only study designs that can 
reliably detect impact and recovery from disturbance against the background variation 
experienced in nature. Presently, I am not aware of many terrestrial biodiversity 
studies that have adopted BACI designs to monitor the restoration of degraded 
ecosystems. However, with increasing awareness about the requirement for 
monitoring, it is foreseeable that more rigorous designs which adopt BACI principles 
are required. 
 
Furthermore, baseline information forms the framework of the restoration plan. 
Ecological survey is often needed to assess the quality of natural communities 
existing prior to restoration. However, an assessment of the relative quality of existing 
natural communities within a regional context should be included at the very least, as 
elaborate surveys for baseline data may be expensive and time consuming. Analysis 
and synthesis of baseline data helps guide decision making concerning the 
possibilities and limitations for restoring sites similar to nearby relatively less 
disturbed natural habitats as reference ecosystems. Such guidance will help 
restorationists in prioritising sites for either restoring to pre-disturbance conditions or 
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for rehabilitation for some form of ecological and economical use. Therefore, basic 
information such as the species composition of the plant communities can be used as 
an indicator of local environmental conditions as a starting point for developing 
monitoring protocols. 
 
AHADS although had undertaken several restoration and conservation measures, 
seldom was there any monitoring schemes included to ascertain the achievement of 
their restoration goals. As a result, there were no baseline data available with respect 
to the ecological conditions of the forest fragments prior to AHADS' interventions 
(see Chapter 2). This gap in baseline data points to the need for including surveys that 
produce a record of plant and animal life, including the identification of rare and 
sensitive species requiring special considerations during the planning and 
implementation of restoration projects. 
  
During this study, certain methods were devised to specifically focus on the 
distributions of the woody plant communities that occurred naturally, which reflected 
the effects of fragmentation and subsequent degradation of the Attappady landscape. 
For instance in Chapter 3, I identified each woody plant under three categories viz 
planted during past management (H), the emengents (N) (are those that are naturally 
occurring without any interventions) and planted during AHADS eco-restoration 
program (P). Based on this classification, I was able to study the distributions of the 
emergent woody plants based on its dispersal modes that reflected the natural 
succession occurring in the back drop of human interventions. However, it was not 
possible to further classify emergents into those existed prior to AHADS restoration 
and those which rose naturally as they enjoyed protection from grazing and trampling 
during AHADS’ interventions through fencing. Classification of emergents into these 
two groups although desirable, it was not possible as this study was conceived during 
2007, at a time when restoration efforts by AHADS had reached more than half way 
towards project completion. Therefore such methods are pioneering attempts which 
indeed provide valuable information on the underlying ecological processes 
governing the species distribution and diversity of woody plants that can be 
incorporated into monitoring schemes of large-scale eco-restoration projects 
elsewhere too. 
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In forest landscape restoration programs, attempts are often made to facilitate species 
recolonization into the degraded habitats to improve natural succession. However, the 
species recolonization depends upon the factors such as the regional gene pool, 
availability of propagule sources and the species' dispersal ability. The analysis 
involving species distribution and diversity of woody plant communities of the forest 
fragments of Attappady hills, suggest that the larger forest fragments harbour higher 
diversity than compared to the smaller habitat fragments (see Chapter 3; Tables 3.5 
and 3.6). In addition, it was also found that the plant species with long-distance 
dispersal ability (e.g., wind dispersed) can easily colonise the severely degraded forest 
fragments and can help hasten the natural succession. On the contrary, plant species 
with the short-distance dispersal ability (e.g., passive) are mostly restricted to the 
reference sites, and may require assistance to reach, and establish themselves in the 
forest fragments located further away from the reference sites. Similarly, the spatial 
analysis revealed that the restored sites in the proximity of reference sites (natural 
forests), harbour similar plant communities. Therefore, future eco-restoration projects 
should take the landscape fragmentation and availability of propagule sources into 
consideration and identify potential corridors between the forest fragments, while 
implementing restoration projects to facilitate species recolonization and thereby to 
improve natural succession. 
 
Insects in monitoring restoration success 
Arthropods in general, and insects in particular have been recognized as efficient 
indicators of ecosystem function and recommended for use in monitoring and 
managing habitats, including conservation planning (Rosenberg et al. 1986, Kremen 
et al. 1993, Finnamore 1996). Many researchers have assessed habitat quality and 
measured habitat differences using arthropods (e.g., Niemelä et al. 1993, Pollet and 
Grootaert 1996, Rykken et al. 1997, Kitching et al. 2000, Gibb and Hochuli 2002). 
Several characteristics contribute to the value of insects as indicators of habitat quality 
(Wilson 1987, Andersen 1990, Kremen et al. 1993, Williams 1993, Kremen 1994, 
Simmonds et al. 1994). Insects represent the greatest morphological and functional 
diversity in the animal kingdom, playing essential roles as herbivores, pollinators, 
detrivores, predators, parasites, and prey for amphibians, reptiles, birds and mammals 
(Wilson 1987, Samways 1994). They occupy the widest diversity of microhabitats 
and niches, and play more ecological roles, than any other group of animals. They 
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have diverse body sizes, vagilities, and growth rates.  The short generation times of 
many taxa can cause dramatic population fluctuations that signal variations in habitat 
quality and ecosystem processes (Southwood et al. 1979, Brown and Southwood 
1983, Wolda 1988, Andersen 1990, Williams 1993). This makes them ideal to track 
year-to-year change in a site, while their small size and specific niche requiremnets 
makes them efficient indicators of subtle yet important variations that may influence 
the quality of a habitat. Also, because their population densities are usually extremely 
high when compared to vertebrates, insects can be sampled repeatedly without 
altering population dynamics (Southwood et al. 1979, Erwin and Scott 1980, Kremen 
et al. 1993, Williams 1993). 
 
Insect guild structures are a good indicator of restoration success (Kremen et al. 1993, 
Finnamore 1996), and are used to track restoration in many contexts (Greenslade and 
Majer 1993, Williams 1993, Andersen and Sparling 1997, Jansen 1997, Mattoni et al. 
2000, Wheater et al. 2000). However, the disadvantages of using insects for 
evaluating restoration success are the lack of baseline data to compare the restored 
sites, limited taxonomic expertise to identify insects, a lack of natural history 
information for many species, and limited research linking insect communities to 
vertebrate communities (McGeoch 1998). 
The use of insects as bioindicators involves a tradeoff between the taxonomic breadth 
of organisms sampled and specificity to which they are identified. For instance, 
Williams (1993) and Jansen (1997) keyed a broad range of specimens to order or 
family (low-resolution taxonomically-broad), while Holl (1996) and Andersen (1997) 
keyed to species for a single family (high-resolution taxonomically-narrow). 
However, both low-resolution taxonomically-broad and high-resolution 
taxonomically-narrow approaches have its own limitations.  
 
For taxonomically broad approaches, failure to determine taxonomic identity below 
order confounds analysis if families, genera, and species react differently to 
environmental conditions. In this instance, order-level aggregation obscures variation 
that may be important to habitat assessment. Conversely, narrow yet taxonomically 
precise studies may not act well as surrogates for overall diversity. For example, a 
study of diverse taxa in tropical forest (birds, butterflies, flying beetles, canopy 
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beetles, canopy ants, leaf-litter ants, termites, and soil nematodes) showed that not one 
taxonomic group sufficiently indicate the diversity of other taxa (Lawton et al. 1998).  
 
When urgent decisions with large economic ramifications are being made, it may be 
difficult to convince decision makers that insects should be monitored. However, 
concerns include determining what taxa to monitor and how to do it cost effectively 
(Landres et al. 1988, Noss 1990, Kremen et al. 1993). If monitoring is to be 
conducted across insect taxa (Order), the number of species to identify rapidly and at 
relatively low cost appears overwhelming. If species from only one or a few taxa are 
to be monitored, how should the taxa be selected? Since little is known about the 
natural history of most species, choice of one taxon for monitoring and decision 
making may be problematic since that taxon may not reflect the responses of other 
taxa (Prendergast et al. 1993). 
 
Therefore, a fine-resolution taxonomically-broad approach which catches complete 
range of variations in insect diversity occurring in different restored sites may indicate 
several functions and responses. A morphospecies (or Recognizable Taxonomic Unit, 
RTU) approach qualifies for such monitoring and conservation research, which 
depends neither on knowledge of the Latin binomials of the species involved nor on 
specialist examination of entire field samples (Austin and Margules 1986, Usher 
1986, Kremen et al. 1993). A possible major advantage of this course of action is that 
resources required for identification are minimized and can be allocated to increase 
sample size and frequency (Beattie and Oliver 1994, Oliver and Beattie 1996). 
 
Environmental monitoring and the evaluation of sites often require estimates of 
species richness (α diversity) and species turnover (β diversity) (Margules and Usher 
1981, 1984, Usher 1986, Saetersdal and Birks 1993). Oliver and Beattie (1996) 
demonstrated that morphospecies may be used as surrogates for species in some 
environmental monitoring and conservation, in particular when decisions are guided 
by estimates of richness and the assessment of turnover. In this study, therefore, it was 
possible to evaluate the responses of different insect groups (ground-dwelling insects, 
ants and beetles) to habitat quality by adopting the morphospecies approach (see 
Chapters 2 and 4). 
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During this study, I have made an attempt to analyze the species distribution and 
diversity of ground-dwelling insects among the degraded forest fragments to assess 
the habitat quality and to propose a suitable insect surrogate for monitoring 
restoration.  The analysis revealed that the smaller habitat fragments harboured higher 
diversity of insects due to edge effect (see Chapter 4; Tables 4.3 and 4.4). This is 
caused due to the invasion of insect generalists from the surrounding habitats into the 
forest fragments. Although the insect species compositions in the habitat fragments of 
Attappady was not similar to those found in the reference sites, higher species 
diversity of insects in these degraded forest fragments are desirable in the context of 
improving the ecological functions. In addition, certain insect groups such as beetles 
and functional groups based on feeding guilds (e.g., predators) were found to be 
sensitive to changes in the habitat quality as reflected in the vegetation structure. 
Therefore, future restoration programs may incorporate monitoring projects involving 
insects as indicators of habitat quality. 
 
However, monitoring schemes can be very expensive, time consuming and may 
demand scientific expertise. Therefore identifying suitable indicator species based on 
its responses to changes in habitat quantity and quality would help restorationists in 
decision making. In this study, the invasive yellow crazy ant, Anoplolepis gracilipes 
was identified as an indicator of habitat quantity and quality. This ant was abundant in 
the severely degraded smaller forest fragments, while the reference sites sites didn’t 
have any other than a  a few individuals in one of the sites. This species is easier to 
find and identify in the field, and therefore, monitoring habitat quality using A. 
gracilipes will not be very expensive. 
 
In addition to assisting the implementation of the restoration activities, monitoring 
projects also facilitates learning within the implementation team and the beneficiaries. 
Monitoring should be the responsibility of the project implementing agency and 
should be conducted in a participatory manner, involving a wide range of 
stakeholders. Although landscape restoration projects are primarily initiated to 
address the local socio-economic issues pertaining to poverty, biodiversity recovery 
remains one of the important goals to revert environmental degradation. Therefore, 
monitoring biodiversity recovery of the forest landscape restoration should be 
initiated from the beginning, with a good understanding in the context of 
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anthropogenic interventions. Developing appropriate monitoring schemes will help 
the initiatives of forest landscape restoration to establish processes which strengthen 
local skills and capacities to enable the beneficiaries to continue the activities even 
after the project ends.  
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List of insect morphospecies sampled from the restored sites along with the reference sites from 2008 to 2009. 
ORDER SITES 
Family Active 
 
Passive 
 
Forest 
RTU S10 S12 S13 S18 S2 S21 S22 S3 S4 S6 S8 S9   S1 S14 S16 S17 S19 S20 S23 S25 S26 S27 S5 S7   N1 N2 N3 N4 
                          
 
                        
 
        
BLATTODEA                         
 
                        
 
        
Blaberidae                         
 
                        
 
        
Blab.sp1                         
 
      X           X     
 
        
Blab.sp2     X X X X X     X X   
 
    X X X X   X X X   X 
 
        
                          
 
                        
 
        
Blatellidae                         
 
                        
 
        
Blatl.sp10     X                   
 
  X X                   
 
        
Blatl.sp11                 X       
 
                        
 
        
Blatl.sp2         X           X   
 
X       X X       X   X 
 
        
Blatl.sp3                         
 
                        
 
      X 
Blatl.sp4     X     X X X         
 
    X     X       X X X 
 
        
Blatl.sp5                         
 
          X             
 
        
Blatl.sp6                         
 
                  X     
 
        
Blatl.sp8 X     X                 
 
          X     X X     
 
        
Blatl.sp9                         
 
                      X 
 
        
                          
 
                        
 
        
Blattidae                         
 
                        
 
        
Blat.sp1                         
 
        X             1 
 
        
Blat.sp2   X X X X X   X X   X X 
 
X X X X X X X X X X X X 
 
X X X X 
Blat.sp5                         
 
                        
 
    X X 
                          
 
                        
 
        
COLEOPTERA                         
 
                        
 
        
Anthicidae                         
 
                        
 
        
Anth.sp1     X     X X   X X     
 
  X                     
 
        
                          
 
                        
 
        
Bostrichidae                         
 
                        
 
        
Bost.sp1                                                 X           
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ORDER SITES 
Family Active 
 
Passive 
 
Forest 
RTU S10 S12 S13 S18 S2 S21 S22 S3 S4 S6 S8 S9   S1 S14 S16 S17 S19 S20 S23 S25 S26 S27 S5 S7   N1 N2 N3 N4 
                          
 
                        
 
        
Carabidae                         
 
                        
 
        
Cara.sp1                         
 
              X         
 
        
Cara.sp10               X     X   
 
  X             X     X 
 
        
Cara.sp11   X                     
 
                        
 
        
Cara.sp2       X                 
 
                        
 
        
Cara.sp4                         
 
                      X 
 
        
Cara.sp5                 X       
 
                        
 
        
Cara.sp6   X X X X X X     X X X 
 
      X X X X X X X   X 
 
        
Cara.sp7   X X X       X   X X X 
 
X X X X X X X X X X X X 
 
        
Cara.sp8                         
 
        X     X X       
 
        
Cara.sp9                         
 
              X         
 
        
                          
 
                        
 
        
Chrysomelidae                         
 
                        
 
        
Chry.sp1   X                     
 
                  X     
 
        
                          
 
                        
 
        
Coccinellidae                         
 
                        
 
        
Cocc.sp1                         
 
X                       
 
        
Cocc.sp2     X                   
 
                        
 
        
                          
 
                        
 
        
Curculionidae                         
 
                        
 
        
Curc.sp1                         
 
  X   X           X   X 
 
        
Curc.sp2               X   X     
 
          X     X     X 
 
        
Curc.sp3               X X X     
 
X             X   X     
 
        
Curc.sp4                         
 
          X             
 
        
                          
 
                        
 
        
Elateridae                         
 
                        
 
        
Elat.sp2 X                   X   
 
              X X       
 
        
Elat.sp6           X             
 
                        
 
        
Elat.sp7 X   X X   X               X X   X     X   X X   X           
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ORDER SITES 
Family Active 
 
Passive 
 
Forest 
RTU S10 S12 S13 S18 S2 S21 S22 S3 S4 S6 S8 S9   S1 S14 S16 S17 S19 S20 S23 S25 S26 S27 S5 S7   N1 N2 N3 N4 
                          
 
                        
 
        
Latridiidae                         
 
                        
 
        
Latr.sp1                         
 
                X       
 
        
Latri.sp1                         
 
X                       
 
        
                          
 
                        
 
        
Leiodidae                         
 
                        
 
        
Leio.sp1 X   X         X X     X 
 
X X X X         X X X X 
 
        
Leio.sp2                         
 
                X       
 
        
                          
 
                        
 
        
Mordellidae                         
 
                        
 
        
Mord.sp1                         
 
                  X     
 
        
                          
 
                        
 
        
Rhysodidae                         
 
                        
 
        
Rhys.sp1       X X X   X     X   
 
          X   X   X   X 
 
        
                          
 
                        
 
        
Scarabaeidae                         
 
                        
 
        
Scar.sp10   X X X X X X X X X X   
 
X X X X X X X X X X   X 
 
        
Scar.sp11 X   X X X X X X   X X X 
 
X X   X   X X X X X   X 
 
        
Scar.sp12     X X   X             
 
  X         X   X X   X 
 
        
Scar.sp13                         
 
X     X X       X       
 
  X X   
Scar.sp14             X           
 
                        
 
        
Scar.sp15 X   X X   X     X X X X 
 
  X   X   X   X X   X X 
 
X X X   
Scar.sp16                         
 
      X             X   
 
        
Scar.sp18     X                   
 
X                     X 
 
        
Scar.sp19     X X X       X X     
 
  X       X         X X 
 
        
Scar.sp20   X                     
 
X         X             
 
        
Scar.sp22                         
 
    X                   
 
        
Scar.sp23                         
 
                    X   
 
        
Scar.sp24                     X   
 
                        
 
        
Scar.sp25                                   X                         
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ORDER SITES 
Family Active 
 
Passive 
 
Forest 
RTU S10 S12 S13 S18 S2 S21 S22 S3 S4 S6 S8 S9   S1 S14 S16 S17 S19 S20 S23 S25 S26 S27 S5 S7   N1 N2 N3 N4 
                          
 
                        
 
        
Scar.sp26                         
 
          X             
 
        
Scar.sp27                         
 
          X             
 
        
Scar.sp28           X             
 
                        
 
        
Scar.sp29                         
 
              X         
 
        
Scar.sp30                         
 
                X       
 
        
Scar.sp31                         
 
                X       
 
        
Scar.sp4                     X   
 
                        
 
        
Scar.sp6                         
 
                        
 
X       
Scar.sp7                         
 
            X           
 
        
                          
 
                        
 
        
Scolitidae                         
 
                        
 
        
Scol.sp1   X       X   X X X     
 
    X X X X X   X X     
 
        
                          
 
                        
 
        
Staphylinidae                         
 
                        
 
        
Staph.sp44                         
 
                    X   
 
        
Stphy.sp17                 X       
 
                        
 
        
Stphy.sp33                         
 
                X       
 
X       
Stphy.sp44 X   X X   X X X X X X X 
 
  X   X   X X X X X   X 
 
X X X   
Stphy.sp55             X           
 
                        
 
        
Stphy.sp57                     X   
 
              X X       
 
        
                          
 
                        
 
        
Tenebrionidae                         
 
                        
 
        
Tene.sp.3                         
 
    X   X           1   
 
        
Tene.sp2   X X X X X X X   X     
 
X   X X X X X   X X X X 
 
        
Tene.sp3 X X X X X X X X   X   X 
 
X   X   X X X   X X   X 
 
        
Tene.sp4     X X X X X X         
 
X   X X X   X   X X X   
 
        
                          
 
                        
 
        
Trogidae                         
 
                        
 
        
Trog.sp1     X   X                                 X     X           
141 
 
ORDER SITES 
Family Active 
 
Passive 
 
Forest 
RTU S10 S12 S13 S18 S2 S21 S22 S3 S4 S6 S8 S9   S1 S14 S16 S17 S19 S20 S23 S25 S26 S27 S5 S7   N1 N2 N3 N4 
                          
 
                        
 
        
Trog.sp2                 X       
 
                        
 
      X 
                          
 
                        
 
        
COLLEMBOLA                         
 
                        
 
        
Entomobryidae                         
 
                        
 
        
Ento.sp1 X   X           X   X X 
 
X X           X X   X   
 
        
Ento.sp2                         
 
              X X       
 
        
                          
 
                        
 
        
Hypogastruidae                         
 
                        
 
        
Hypo.sp1                         
 
              X         
 
        
                          
 
                        
 
        
Isotomidae                         
 
                        
 
        
Isot.sp1       X           X     
 
                X     X 
 
        
                          
 
                        
 
        
Poduridae                         
 
                        
 
        
Podu.sp1         X               
 
                        
 
        
                          
 
                        
 
        
DERMAPTERA                         
 
                        
 
        
Forficulidae                         
 
                        
 
        
Forf.sp1               X       X 
 
                        
 
        
                          
 
                        
 
        
Labidae                         
 
                        
 
        
Labi.sp1                       X 
 
                        
 
        
                          
 
                        
 
        
Labiduriidae                         
 
                        
 
        
Labiduriidae.sp1     X                   
 
                        
 
    X X 
                          
 
                        
 
        
DIPTERA                         
 
                        
 
        
Chloropidae                         
 
                        
 
        
Chlo.sp1                   X           X X   X                       
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ORDER SITES 
Family Active 
 
Passive 
 
Forest 
RTU S10 S12 S13 S18 S2 S21 S22 S3 S4 S6 S8 S9   S1 S14 S16 S17 S19 S20 S23 S25 S26 S27 S5 S7   N1 N2 N3 N4 
                          
 
                        
 
        
Dolichopodidae                         
 
                        
 
        
Doli.sp1     X     X             
 
  X     X   X X X       
 
        
                          
 
                        
 
        
Drosophilidae                         
 
                        
 
        
Dros.sp1             X           
 
                        
 
        
Dros.sp2               X         
 
                  X     
 
        
Dros.sp3 X       X               
 
                  X     
 
        
                          
 
                        
 
        
Muscidae                         
 
                        
 
        
Musc.sp1     X X           X     
 
                      X 
 
        
                          
 
                        
 
        
Mycetophilidae                         
 
                        
 
        
Myct.sp1                         
 
              X         
 
        
                          
 
                        
 
        
Phoridae                         
 
                        
 
        
Phor.sp10                 X       
 
                        
 
        
Phor.sp11                         
 
            X           
 
        
Phor.sp12                         
 
                X X     
 
        
Phor.sp14             X           
 
              X X       
 
        
Phor.sp3               X         
 
                        
 
        
Phor.sp4                         
 
                    X   
 
        
Phor.sp5 X                       
 
                        
 
        
                          
 
                        
 
        
Pipunculidae                         
 
                        
 
        
Pipu.sp1                         
 
          X             
 
        
                          
 
                        
 
        
Scathophagidae                         
 
                        
 
        
Scath.sp1                         
 
                  X     
 
        
                          
 
                        
 
        
Sciaridae                                                             
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ORDER SITES 
Family Active 
 
Passive 
 
Forest 
RTU S10 S12 S13 S18 S2 S21 S22 S3 S4 S6 S8 S9   S1 S14 S16 S17 S19 S20 S23 S25 S26 S27 S5 S7   N1 N2 N3 N4 
                          
 
                        
 
        
Scia.sp4                 X       
 
X     X       X         
 
        
Scia.sp5                         
 
            X           
 
        
Scia.sp7                 X       
 
                        
 
        
Scia.sp8 X                       
 
                        
 
        
                          
 
                        
 
        
Tabanidae                         
 
                        
 
        
Taba.sp1   X                     
 
                        
 
        
                          
 
                        
 
        
Tephritidae                         
 
                        
 
        
Teph.sp1                         
 
X     X                 
 
        
                          
 
                        
 
        
HEMIPTERA                         
 
                        
 
        
Alydidae                         
 
                        
 
        
Alyd.sp1               X         
 
                        
 
        
                          
 
                        
 
        
Cicadellidae                         
 
                        
 
        
Cicadl.sp9               X         
 
                        
 
        
Cicdl.sp11               X   X     
 
  X X           X X   X 
 
        
Cicdl.sp2                         
 
X                       
 
        
Cicdl.sp3   X                     
 
                        
 
        
Cicdl.sp4                         
 
                  X X   
 
        
Cicdl.sp7                         
 
                      X 
 
        
Cicdl.sp8       X       X X X   X 
 
                        
 
        
                          
 
                        
 
        
Cydnidae                         
 
                        
 
        
Cydn.sp1     X                   
 
X     X       X X X   X 
 
      X 
                          
 
                        
 
        
Dictyopharidae                         
 
                        
 
        
Dict.sp1       X                                     X               
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ORDER SITES 
Family Active 
 
Passive 
 
Forest 
RTU S10 S12 S13 S18 S2 S21 S22 S3 S4 S6 S8 S9   S1 S14 S16 S17 S19 S20 S23 S25 S26 S27 S5 S7   N1 N2 N3 N4 
                          
 
                        
 
        
Eurybrachidae                         
 
                        
 
        
Eury.sp1                         
 
                        
 
    X   
                          
 
                        
 
        
Lygaeidae                         
 
                        
 
        
Lyg.sp1                         
 
X                       
 
        
Lyga.sp1                         
 
                  X     
 
        
                          
 
                        
 
        
Pentatomidae                         
 
                        
 
        
Pent.sp2                 X       
 
                        
 
        
                          
 
                        
 
        
Pyrrhocoridae                         
 
                        
 
        
Pyrr.sp1                         
 
                        
 
  X     
                          
 
                        
 
        
Reduviidae                         
 
                        
 
        
Redu.sp2               X         
 
                        
 
        
Redu.sp1                         
 
                      X 
 
        
                          
 
                        
 
        
Thyreocoridae                         
 
                        
 
        
Thyr.sp1                 X       
 
                        
 
        
                          
 
                        
 
        
Tingidae                         
 
                        
 
        
Ting.sp                         
 
                  X     
 
        
Ting.sp1             X         X 
 
          X           X 
 
        
Ting.sp2     X         X   X     
 
                        
 
        
Ting.sp3               X   X     
 
                        
 
        
Ting.sp4     X               X   
 
                        
 
        
                          
 
                        
 
        
HYMENOPTERA                         
 
                        
 
        
Bethylidae                         
 
                        
 
        
Beth.sp1       X X X   X   X X X   X               X                 
145 
 
ORDER SITES 
Family Active 
 
Passive 
 
Forest 
RTU S10 S12 S13 S18 S2 S21 S22 S3 S4 S6 S8 S9   S1 S14 S16 S17 S19 S20 S23 S25 S26 S27 S5 S7   N1 N2 N3 N4 
                          
 
                        
 
        
Beth.sp10     X       X           
 
                        
 
        
Beth.sp11                         
 
            X           
 
        
Beth.sp2       X     X   X X X   
 
  X   X   X             
 
        
Beth.sp6         X       X       
 
X     X X   X X   X   X 
 
        
                          
 
                        
 
        
Braconidae                         
 
                        
 
        
Brac.sp1                         
 
      X                 
 
        
                          
 
                        
 
        
Chalcididae                         
 
                        
 
        
Chal.sp1   X       X             
 
                        
 
        
Chal.sp2       X                 
 
                        
 
        
                          
 
                        
 
        
Diapriidae                         
 
                        
 
        
Diap.sp1                 X       
 
X     X                 
 
        
Diap.sp2                 X       
 
      X       X         
 
        
Diap.sp3 X                       
 
              X         
 
        
Diap.sp4 X                       
 
        X     X         
 
        
                          
 
                        
 
        
Evaniidae                         
 
                        
 
        
Evan.sp1           X             
 
                X   X   
 
      X 
Evan.sp3             X           
 
                        
 
      X 
Evan.sp4           X             
 
  X X   X     X       X 
 
        
Evan.sp5                         
 
                  X     
 
        
Evan.sp6     X     X             
 
        X X             
 
    X   
Evan.sp7       X   X X           
 
        X         X     
 
        
                          
 
                        
 
        
Formicidae                         
 
                        
 
        
Anoplolepis sp1 X X X X X X X X X X X X 
 
X X X X X X X X X X X X 
 
X       
Monomorium sp5       X     X X   X     
 
  X   X X   X X X X   X 
 
X X X X 
Dolichoderus sp1   X         X X   X         X   X     X         X           
146 
 
ORDER SITES 
Family Active 
 
Passive 
 
Forest 
RTU S10 S12 S13 S18 S2 S21 S22 S3 S4 S6 S8 S9   S1 S14 S16 S17 S19 S20 S23 S25 S26 S27 S5 S7   N1 N2 N3 N4 
                          
 
                        
 
        
Tapinoma sp2             X           
 
                        
 
        
Technomyrmex sp2             X           
 
X X                     
 
        
Technomyrmex sp3   X         X           
 
      X     X           
 
        
Technomyrmex sp4   X X X     X           
 
      X     X     X     
 
        
Technomyrmex sp6   X     X X X X   X     
 
    X X   X           X 
 
        
Crematogaster sp1 X           X         X 
 
X       X     X X       
 
X X X X 
Camponotus sp1         X   X           
 
                        
 
        
Camponotus sp2             X           
 
                        
 
        
Camponotus sp3           X             
 
    X     X             
 
        
Camponotus sp4         X   X           
 
                        
 
        
Camponotus sp5   X X   X X   X         
 
    X     X             
 
        
Camponotus sp6   X X X   X             
 
    X             X     
 
        
Camponotus sp7           X         X   
 
    X                 X 
 
        
Camponotus sp8       X   X         X   
 
    X     X       X   X 
 
        
Camponotus sp9           X     X X X X 
 
    X   X X   X X   X X 
 
X X X X 
Camponotus sp10         X X             
 
X         X             
 
        
Camponotus sp11           X         X   
 
X   X     X           X 
 
        
Camponotus sp12   X       X   X X   X   
 
    X     X X         X 
 
        
Lepisiota sp2           X         X   
 
    X     X           X 
 
        
Polyrhachis sp6           X   X         
 
  X X     X X           
 
        
Polyrhachis sp2       X     X         X 
 
  X   X     X     X     
 
        
Polyrhachis sp3     X   X X     X X X   
 
    X     X   X X     X 
 
        
Polyrhachis sp4   X       X             
 
    X     X             
 
        
Polyrhachis sp5   X       X   X         
 
    X     X             
 
        
Diacamma sp1       X         X   X   
 
        X   X X X X   X 
 
X X X X 
Paractrechina sp1   X X   X           X   
 
                    X X 
 
        
Paractrechina sp2       X             X   
 
                  X   X 
 
        
Paractrechina sp3 X                   X X 
 
                      X 
 
        
Paractrechina sp4                     X                           X           
147 
 
ORDER SITES 
Family Active 
 
Passive 
 
Forest 
RTU S10 S12 S13 S18 S2 S21 S22 S3 S4 S6 S8 S9   S1 S14 S16 S17 S19 S20 S23 S25 S26 S27 S5 S7   N1 N2 N3 N4 
                          
 
                        
 
        
Diacamma sp2 X X           X X   X   
 
X X     X     X X     X 
 
X X X X 
Pheidole sp1   X     X           X   
 
  X     X   X X X     X 
 
X X X X 
Diacamma sp3             X           
 
      X                 
 
        
Diacamma sp4   X           X         
 
  X         X           
 
        
Lepisiota sp1               X         
 
        X     X X       
 
X X X X 
Crematogaster sp9     X         X         
 
  X                     
 
        
Crematogaster sp2               X         
 
                        
 
        
Crematogaster sp3               X         
 
                        
 
        
Crematogaster sp4               X         
 
                        
 
        
Crematogaster sp5                 X       
 
                        
 
        
Crematogaster sp6                 X       
 
                        
 
        
Crematogaster sp7                 X       
 
  X                     
 
        
Crematogaster sp8   X   X         X       
 
                  X     
 
        
Pheidole sp3 X X X X X X X X X X X   
 
X X X X   X X     X   X 
 
        
Aphaenogaster sp1                 X       
 
                        
 
        
Meranoplus sp2 X                       
 
                        
 
        
Lophomyrmex sp1                       X 
 
X                       
 
        
Monomorium sp3                         
 
X                       
 
        
Monomorium sp4                         
 
X           X           
 
        
Monomorium sp5                         
 
X                       
 
        
Monomorium sp6         X         X   X 
 
X             X X     X 
 
        
Monomorium sp7         X               
 
X           X           
 
        
Monomorium sp8   X X X X         X   X 
 
  X         X     X   X 
 
        
Polyrhachis sp1   X                     
 
        X     X X       
 
X X X X 
Pheidologeton sp1   X X X X X X X X X X X 
 
X X X X   X X X X X   X 
 
        
Monomorium sp9   X   X X               
 
                  X     
 
        
Monomorium sp10   X X             X     
 
  X         X         X 
 
        
Monomorium sp11   X               X     
 
              X X     X 
 
        
Monomorium sp12   X                     
 
                        
 
        
Monomorium sp13   X                                                         
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ORDER SITES 
Family Active 
 
Passive 
 
Forest 
RTU S10 S12 S13 S18 S2 S21 S22 S3 S4 S6 S8 S9   S1 S14 S16 S17 S19 S20 S23 S25 S26 S27 S5 S7   N1 N2 N3 N4 
                          
 
                        
 
        
Aphaenogaster sp1   X                     
 
        X   X X X       
 
X X X X 
Pheidole sp3   X                     
 
                        
 
        
Pheidole sp4   X     X               
 
  X                     
 
        
Pheidole sp5   X                     
 
                        
 
        
Pheidole sp6   X   X           X   X 
 
              X X X   X 
 
        
Pheidole sp7         X   X           
 
            X           
 
        
Meranoplus sp1       X X         X   X 
 
        X     X X X   X 
 
X X X X 
ms71       X                 
 
                  X     
 
        
Solenopsis sp1       X           X   X 
 
              X X X   X 
 
        
ms73       X                 
 
                  X     
 
        
Cardiocondyla sp1                         
 
        X     X X   X   
 
X X X X 
Paratrechina sp1                         
 
        X     X X   X   
 
X X X X 
Tetramorium sp3                         
 
                    X   
 
        
Tetramorium sp4         X               
 
                        
 
        
Tetramorium sp5         X               
 
                        
 
        
Tetramorium sp6         X               
 
                        
 
        
Tetramorium sp7           X X X X X     
 
X X X     X   X X     X 
 
        
Leptogenys sp1         X         X     
 
              X X     X 
 
        
Leptogenys sp2         X               
 
                        
 
        
Leptogenys sp3                   X     
 
              X X     X 
 
        
Pachycondyla sp1                   X     
 
            X         X 
 
        
Polyrhachis sp2                   X     
 
        X       X     X 
 
X X X X 
Herpognathus sp1                   X     
 
              X X     X 
 
        
ms86                         
 
            X           
 
        
Platythyrea sp1                         
 
            X           
 
        
ms88                         
 
            X           
 
        
Tetraponera sp1                         
 
            X           
 
        
Tetraponera sp2           X X           
 
    X X   X             
 
        
Tetraponera sp3     X                   
 
                        
 
        
ms91                             X                               
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ORDER SITES 
Family Active 
 
Passive 
 
Forest 
RTU S10 S12 S13 S18 S2 S21 S22 S3 S4 S6 S8 S9   S1 S14 S16 S17 S19 S20 S23 S25 S26 S27 S5 S7   N1 N2 N3 N4 
 
                        
 
                        
 
        
ms92                         
 
  X                     
 
        
ms93                         
 
  X                     
 
        
Tapinoma sp1                         
 
        X               
 
X X X X 
Tetramorium sp2                         
 
        X     X X       
 
X X X X 
Technomyrmex sp1                         
 
        X     X X       
 
X X X X 
 
                        
 
                        
 
        
Halictidae                         
 
                        
 
        
Hali.sp1                         
 
  X                     
 
        
 
                        
 
                        
 
        
Ichneumonidae                         
 
                        
 
        
Ichn.sp2                         
 
        X               
 
        
Ichn.sp3                         
 
              X     X   
 
        
Ichn.sp4                       X 
 
                        
 
        
 
                        
 
                        
 
        
Mutillidae                         
 
                        
 
        
Muti.sp1   X     X X X       X   
 
            X   X   X   
 
  X   X 
Muti.sp2   X   X X X           X 
 
X X X     X   X X       
 
        
Muti.sp3                         
 
        X               
 
        
Muti.sp4                         
 
              X         
 
        
Muti.sp5                         
 
    X                   
 
        
 
                        
 
                        
 
        
Mymarommatidae                         
 
                        
 
        
Myrm.sp1 X                       
 
                        
 
        
 
                        
 
                        
 
        
Platygasteridae                         
 
                        
 
        
Platy.sp1               X         
 
                        
 
        
 
                        
 
                        
 
        
Pompylidae                         
 
                        
 
        
Pomp.sp1         X             X 
 
                X       
 
        
Pomp.sp2                                                 X           
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ORDER SITES 
Family Active 
 
Passive 
 
Forest 
RTU S10 S12 S13 S18 S2 S21 S22 S3 S4 S6 S8 S9   S1 S14 S16 S17 S19 S20 S23 S25 S26 S27 S5 S7   N1 N2 N3 N4 
                          
 
                        
 
        
Pomp.sp3                         
 
X                       
 
        
                          
 
                        
 
        
Scelionidae                         
 
                        
 
        
Scel.sp1                         
 
  X     X   X       X X 
 
        
                          
 
                        
 
        
Tiphidae                         
 
                        
 
        
Tiph.sp1                         
 
    X                   
 
        
                          
 
                        
 
        
Torymidae                         
 
                        
 
        
Tory.sp1               X X       
 
                        
 
        
                          
 
                        
 
        
Trigonalidae                         
 
                        
 
        
Trig.sp1             X           
 
                        
 
        
                          
 
                        
 
        
LEPIDOPTERA                         
 
                        
 
        
Lycaenidae                         
 
                        
 
        
Lyca.sp1       X X   X           
 
X X X         X X X X X 
 
    X X 
Lyca.sp2 X   X   X   X   X   X X 
 
    X X X   X X X   X   
 
  X   X 
                          
 
                        
 
        
MANTODEA                         
 
                        
 
        
Mantodidae                         
 
                        
 
        
Mant.sp1     X                   
 
                        
 
        
Mant.sp2   X   X         X       
 
X X         X X   X   X 
 
X X     
                          
 
                        
 
        
ISOPTERA                         
 
                        
 
        
Kalotermitidae                         
 
                        
 
        
Kalo.sp1   X X X X X             
 
  X X X X X X           
 
X     X 
                          
 
                        
 
        
ORTHOPTERA                         
 
                        
 
        
Acrididae                         
 
                        
 
        
Acri.sp1                         
 
    X   X               
 
        
                          
 
                        
 
        
Gryllidae                         
 
                        
 
        
Gryl.sp1 X X X X X X X X X X X X   X X X X X X X X X X X X   X X   X 
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List of Insect RTUs classified under the three functional Feeding guilds; Predators, Detrivores 
and Herbivores. 
ORDER Family RTU Feeding Guild Abundance 
BLATTODEA Blaberidae Blab.sp1 Detrivore 4 
    Blab.sp2 Detrivore 31 
  Blatellidae Blatl.sp10 Detrivore 3 
    Blatl.sp11 Detrivore 3 
    Blatl.sp2 Detrivore 25 
    Blatl.sp3 Detrivore 1 
    Blatl.sp4 Detrivore 14 
    Blatl.sp5 Detrivore 3 
    Blatl.sp6 Detrivore 1 
    Blatl.sp8 Detrivore 8 
    Blatl.sp9 Detrivore 2 
  Blattidae Blat.sp1 Detrivore 2 
    Blat.sp5 Detrivore 9 
    Blat.sp3 Detrivore 250 
COLEOPTERA Anthicidae Anth.sp1 Herbivore 8 
  Bostrichidae Bost.sp1 Herbivore 1 
  Carabidae Cara.sp1 Predator 40 
    Cara.sp10 Predator 7 
    Cara.sp11 Predator 3 
    Cara.sp2 Predator 3 
    Cara.sp3 Predator 2 
    Cara.sp4 Predator 1 
    cara.sp5 Predator 1 
    Cara.sp6 Predator 55 
    Cara.sp7 Predator 103 
    Cara.sp8 Predator 18 
    Cara.sp9 Predator 1 
    Cara.12 Predator 908 
  Chrysomelidae Chry.sp1 Herbivore 2 
  Coccinellidae Cocc.sp1 Predator 1 
    Cocc.sp2 Predator 1 
  Curculionidae Curc.sp1 Herbivore 6 
    Curc.sp2 Herbivore 11 
    Curc.sp3 Herbivore 8 
    Curc.sp4 Herbivore 1 
    Curc.sp5 Herbivore 1 
  Elateridae Elat.sp2 Detrivore 9 
    Elat.sp6 Detrivore 1 
    Elat.sp7 Detrivore 46 
  Latridiidae Latr.sp1 Detrivore 1 
    Latri.sp1 Detrivore 1 
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ORDER Family RTU Feeding Guild Abundance 
  Leiodidae Leio.sp1 Detrivore 64 
    Leio.sp2 Detrivore 4 
  Mordellidae Mord.sp1 Herbivore 1 
  Nitidulidae Niti.sp1 Detrivore 1 
  Rhysodidae Rhys.sp1 Herbivore 19 
  Scarabaeidae Scar.sp10 Detrivore 103 
    Scar.sp11 Detrivore 7 
    Scar.sp13 Detrivore 13 
    Scar.sp14 Detrivore 1 
    Scar.sp15 Detrivore 107 
    Scar.sp19 Detrivore 1 
    Scar.sp20 Detrivore 2 
    Scar.sp22 Detrivore 1 
    Scar.sp6 Detrivore 1 
    Scar.sp7 Detrivore 1 
  Scolitidae Scol.sp1 Herbivore 23 
    Scoli.sp1 Herbivore 1 
    Scoli.sp2 Herbivore 1 
  Staphylinidae Staph.sp44 Detrivore 1 
    Stphy.sp17 Detrivore 2 
    Stphy.sp33 Detrivore 4 
    Stphy.sp44 Detrivore 105 
    Stphy.sp55 Detrivore 1 
    Stphy.sp57 Detrivore 7 
  Tenebrionidae Tene.sp.3 Detrivore 4 
    Tene.sp2 Detrivore 99 
    Tene.sp3 Detrivore 314 
    Tene.sp4 Detrivore 30 
  Trogidae Trog.sp1 Detrivore 12 
COLLEMBOLA Entomobryidae Ento.sp1 Detrivore 169 
    Ento.sp2 Detrivore 40 
  Hypogastruidae Hypo.sp1 Detrivore 41 
  Isotomidae Isot.sp1 Detrivore 11773 
  Poduridae Podu.sp1 Detrivore 947 
DERMAPTERA Forficulidae Forf.sp1 Detrivore 6 
    Forf.sp2 Detrivore 2 
  Labidae Labi.sp1 Detrivore 1 
  Labiduriidae Labu.sp1 Detrivore 5 
DIPTERA Chloropidae Chlo.sp1 Herbivore 9 
  Dolichopodidae Doli.sp1 Detrivore 13 
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ORDER Family RTU Feeding Guild Abundance 
  Drosophilidae Dros.sp1 Detrivore 4 
    Dros.sp2 Detrivore 2 
    Dros.sp3 Detrivore 5 
  Muscidae Musc.sp1 Detrivore 8 
  Mycetophilidae Myct.sp1 Detrivore 1 
  Phoridae Phor.sp10 Detrivore 1 
    Phor.sp11 Detrivore 1 
    Phor.sp12 Detrivore 5 
    Phor.sp14 Detrivore 4 
    Phor.sp3 Detrivore 1 
    phor.sp4 Detrivore 1 
    Phor.sp5 Detrivore 1 
  Pipunculidae Pipu.sp1 Predator 1 
  Scathophagidae Scath.sp1 Detrivore 1 
  Sciaridae Scia.sp4 Predator 8 
    Scia.sp5 Predator 4 
    scia.sp7 Predator 1 
    Scia.sp8 Predator 1 
  Tabanidae Taba.sp1 Predator 1 
  Tephritidae Teph.sp1 Herbivore 3 
HEMIPTERA Acanthosomatidae Acan.sp1 Herbivore 1 
  Alydidae Alyd.sp1 Herbivore 1 
    Alyd.sp2 Herbivore 1 
  Cicadellidae cicadl.sp7 Herbivore 1 
    Cicadl.sp9 Herbivore 1 
    Cicdl.sp11 Herbivore 10 
    Cicdl.sp2 Herbivore 1 
    Cicdl.sp3 Herbivore 2 
    Cicdl.sp4 Herbivore 3 
    Cicdl.sp7 Herbivore 1 
    Cicdl.sp8 Herbivore 28 
  Cydnidae Cydn.sp1 Herbivore 24 
  Dictyopharidae Dict.sp1 Herbivore 2 
  Eurybrachidae Eury.sp1 Herbivore 1 
  Lygaeidae Lyg.sp1 Herbivore 2 
    Lyga.sp1 Herbivore 2 
  Pentatomidae Pent.sp2 Herbivore 1 
  Pyrrhocoridae Pyrr.sp1 Detrivore 2 
  Reduviidae Redu.sp2 Predator 1 
    Redu.sp3 Predator 1 
    Redu.sp4 Predator 1 
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ORDER Family RTU Feeding Guild Abundance 
  Thyreocoridae Thyr.sp1 Herbivore 1 
  Tingidae Ting.sp Herbivore 1 
    Ting.sp1 Herbivore 4 
    Ting.sp2 Herbivore 3 
    Ting.sp3 Herbivore 2 
    Ting.sp4 Predator 11 
HYMENOPTERA Bethylidae Beth.sp1 Herbivore 11 
    Beth.sp10 Herbivore 2 
    Beth.sp11 Herbivore 1 
    Beth.sp2 Herbivore 18 
    Beth.sp6 Herbivore 14 
    Beth.sp9 Herbivore 1 
  Braconidae Brac.sp1 Predator 1 
  Chalcididae Chal.sp1 Predator 2 
    Chal.sp2 Predator 1 
  collitidae Coll.sp1 Herbivore 1 
  Diapriidae Diap.sp1 Predator 3 
    Diap.sp2 Predator 3 
    Diap.sp3 Predator 2 
    Diap.sp4 Predator 8 
  Evaniidae Evan.sp1 Predator 4 
    Evan.sp2 Predator 1 
    Evan.sp3 Predator 2 
    Evan.sp4 Predator 7 
    Evan.sp5 Predator 2 
    Evan.sp6 Predator 5 
    Evan.sp7 Predator 7 
  Halictidae Hali.sp1 Herbivore 1 
  Ichneumonidae Ichn.sp1 Predator 1 
    Ichn.sp2 Predator 1 
    Ichn.sp3 Predator 2 
    Ichn.sp4 Predator 1 
  Mutillidae Muti.sp1 Herbivore 12 
    Muti.sp2 Herbivore 29 
    Muti.sp3 Herbivore 1 
    Muti.sp4 Herbivore 1 
    Muti.sp5 Herbivore 2 
  Mymarommatidae Myrm.sp1 Predator 1 
  Platygasteridae Platy.sp1 Predator 1 
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ORDER Family RTU Feeding Guild Abundance 
  Pompylidae Pomp.sp1 Predator 4 
    Pomp.sp2 Predator 1 
    Pomp.sp3 Predator 1 
  Scelionidae Scel.sp1 Detrivore 13 
  Tiphidae Tiph.sp1 Herbivore 1 
  Torymidae Tory.sp1 Predator 2 
  Trigonalidae Trig.sp1 Predator 1 
LEPIDOPTERA Lepidoptera Lyca.sp1 Herbivore 17 
    Lyca.sp2 Herbivore 46 
MANTODEA Mantodidae Mant.sp1 Predator 1 
    Mant.sp2 Predator 27 
ORTHOPTERA Acrididae Acri.sp1 Herbivore 4 
  Gryllidae Gryl.sp1 Herbivore 980 
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Number of individuals of different species categorised as emergent (N), raised during earlier forestry programmes by Kerala Forest 
Department (H), and those planted by the JFMC of AHADS. 
Family Botanical Name H N P 
Mimosaceae Acacia chundra (Roxb. ex Rottl.) Willd. — 3 — 
Mimosaceae Acacia leucophloea (Roxb.) Willd. 5 5 7 
Mimosaceae Acacia nilotica (L.) Willd. ex Del. subsp. indica (Benth) Brenan  73 24 20 
Mimosaceae Albizia odoratissima (L.f.) Benth  — 23 — 
Mimosaceae Acacia sinuata (Lour.) Merr. — 59 — 
Mimosaceae Acacia torta (Roxb.) Craib — 7 — 
Mimosaceae Albizia amara (Roxb.) Boivin 158 84 39 
Mimosaceae Albizia lebbeck (L.) Willd. — 1 — 
Mimosaceae Albizia odoratissima (L.f.) Benth. var. odoratissima  — — 2 
Annonaceae Alphonsea sclerocarpa Thw.  — 1 — 
Combretaceae Anogeissus latifolia (Roxb. Ex DC.) Wall ex Guill. & Perr. — 32 — 
Rutaceae Atalantia monophylla (L.) Correa — 112 — 
Meliaceae Azadirachta indica A. Juss. 15 20 19 
Poaceae Bambusa bambos Voss — 23 59 
Caesalpiniaceae Bauhinia purpurea L. — 1 — 
Caesalpiniaceae Bauhinia racemosa Lam. — — 2 
Caesalpiniaceae Bauhinia variegata L. — — 1 
Bombacaceae  Bombax ceiba L. — 2 — 
Bombacaceae  Bombax insigne Wall.  — 17 — 
Euphorbiaceae Bridelia retusa (L.) Spreng. — 1 — 
Anacardiaceae Buchanania lanzan Spreng. — 6 — 
Clusiaceae Calophyllum inophyllum L. — 1 — 
Rubiaceae Canthium ficiforme Hook.f. — 28 — 
Capparidaceae Capparis sepiaria L.  — 14 — 
Flacourtiaceae Casearia tomentosa Roxb. — 6 — 
APPENDIX 3 
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Family Botanical Name H N P 
Caesalpiniaceae Cassia auriculata L. — 15 — 
Caesalpiniaceae Cassia fistula L. — 1 — 
Caesalpiniaceae Cassia siamea Lam. 60 14 25 
Celastraceae Cassine glauca (Rottb.) Kuntze — 12 — 
Celastraceae Cassine paniculata (Wight & Arn.) Lobr.-Callen — 3 — 
Casuarinaceae Casuarina equisetifolia L. — — 1 
Rutaceae  Chloroxylon swietenia DC. — 111 — 
Meliaceae Cipadessa baccifera (Roth) Miq. — 66 — 
Rutaceae Clausena dentata (Willd.) M. Roem — 1 — 
Ranunculaceae Clematis gouriana Roxb. ex DC. — 1 — 
Burseraceae Commiphora caudata (Wight & Arn.) Engler var. caudata — 5 — 
Boraginaceae Cordia monoica Roxb. — 14 — 
Boraginaceae Cordia obliqua Willd.  — 9 — 
Fabaceae Dalbergia lanceolaria L. — 5 — 
Fabaceae Dalbergia latifolia Roxb. — 11 1 
Fabaceae Dalbergia paniculata Roxb. — 5 — 
Fabaceae Dalbergia sissoides Graham ex Wight & Arn. — 5 — 
Caesalpiniaceae Delonix regia (Boj. ex Hook) Rafin. 3 — — 
Ebenaceae  Diospyros ebenum Koen. — 1 — 
Ebenaceae  Diospyros melanoxylon Roxb. — 19 — 
Ebenaceae  Diospyros montana Roxb. — 59 — 
Sapindaceae Dodonaea viscosa (L.) Jacq.   — 67 — 
Elaeocarpaceae Elaeocarpus serratus L. — 31 — 
Mimosaceae Enterolobium saman Prain. ex King — — 9 
Sterculiaceae Eriolaena quinquelocularis (Wight & Arn.) Wight — — 3 
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Family Botanical Name H N P 
Erythroxylaceae Erythroxylum monogynum Roxb. — 137 — 
Myrtaceae Eucalyptus globulus Labill. — — 1 
Euphorbiaceae Euphorbia antiquorum L. — 10 — 
Euphorbiaceae Euphorbia heyneana Spreng. subsp. heyneana — 57 — 
Flacourtiaceae Flacourtia indica (Burm.f.) Merr. — 1 — 
Euphorbiaceae Flueggea virosa (Willd) Baill. — 2 — 
Rubiaceae Gardenia gummifera L. — 2 — 
Burseraceae Garuga pinnata Roxb. — 1 — 
Proteaceae Grevillea robusta A. Cunn. ex R. Br. — — 5 
Tiliaceae  Grewia orbiculata Rottl. — 1 — 
Tiliaceae Grewia sp — 1 — 
Tiliaceae  Grewia tiliifolia Vahl.  — 56 — 
Hernandiaceae Gyrocarpus asiaticus Willd. — 3 2 
Caesalpiniaceae Hardwickia binata Roxb. — 8 — 
Sterculiaceae Helicteres isora L. — 1 — 
Rubiaceae Ixora pavetta Andr. — 17 — 
Oleceae Jasminum sp — 9 — 
Euphorbiaceae Jatropha curcas L. — — 1 
Verbenaceae Lantana camara L. var. aculeata (L.) Mold. — 165 — 
Mimosaceae Leucaena leucocephala (L.) Gills — — 72 
Clusiaceae Calophyllum inophyllum L. — 11 — 
Euphorbiaceae Mallotus philippensis (Lam.) Muell.-Arg. var. philippensis — 1 — 
Sapotaceae  Manilkara roxburghiana (Wight) Dubard — 3 — 
Celastraceae Maytenus emarginata (Willd.) Ding Hou — 5 — 
Celastraceae Maytenus ovatus (Wall ex Wight & Arn.) Loes. — 4 — 
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Family Botanical Name H N P 
Verbenaceae Gmelina arborea Roxb. — 8 — 
Melastomataceae Memecylon spp — 1 — 
Melastomataceae Memecylon umbellatum Burm. — 25 — 
Sapotaceae  Mimusops elengi L. — 1 — 
Rubiaceae Morinda tinctoria Roxb. — 2 — 
Rubiaceae Morinda pubescens J.E. Smith var. tomentosa — 2 — 
Fabaceae Mundulea sericea (Willd.) A. Cheval — 319 — 
Rutaceae Murraya koenigii (L.) Spreng. — 45 — 
Rutaceae Naringi crenulata (Roxb.) Nicolson  — 83 — 
Oleaceae Olea dioica Roxb. — 4 — 
Euphorbiaceae Phyllanthus emblica L. — 8 11 
Mimosaceae Pithecellobium dulce (Roxb.) Benth. — — 12 
Celastraceae Pleurostylia opposita (Wall.) Alston — 2 — 
Annonaceae Polyalthia cerasoides (Roxb.) Bedd. — 8 — 
Fabaceae Pongamia pinnata (L.) Pierre — 1 12 
Verbenaceae Premna tomentosa Willd. — 43 — 
Mimosaceae Prosopis juliflora (Sw.) Dc. — 23 — 
Fabaceae Pterocarpus marsupium Roxb. — 5 — 
Caesalpiniaceae Pterolobium hexapetalum (Roth.) Sant. & Wagh — 15 — 
Rubiaceae Randia dumetorum (Retz.) — 37 — 
Annonaceae Saccopetalum tomentosum (Roxb.) Hook. f. & Thomson — 9 — 
Santalaceae Santalum album L. — 58 — 
Sapindaceae Sapindus emarginatus Vahl — 8 — 
Flacourtiaceae Scolopia crenata (Wight & Arn.) Clos var. crenata  — 41 — 
 Phyllanthaceae Securinega leucopyrus (Willd.) Mull. Arg. — 135 — 
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Family Botanical Name Zoochory Autochory Anemochory 
Simaroubaceae Simarouba glauca DC. — — 2 
Fabaceae Smithia sp. — 2 — 
 Bignoniaceae Stereospermum personatum (Hassk.) Chatterjee — 5 — 
Loganiaceae Strychnos potatorum L. — 11 — 
Meliaceae Swietenia mahagoni (L.) Jacq.  — — 6 
Myrtaceae Syzygium cumini (L.) Skeels — 23 — 
Caesalpiniaceae Tamarindus indica L.  — 1 — 
Rubiaceae Tarenna asiatica (L.) Kuntze ex K. Schum. var. asiatica — 211 — 
Bignoniaceae Tecoma stans (L.) Kunth — 1 — 
Verbenaceae Tectona grandis L.f. 3 2 4 
Combretaceae Terminalia crenulata Roth — 2 — 
Rutaceae Toddalia asiatica (L.) Lam. — 2 — 
Apocynaceae Wrightia tinctoria (Roxb.) R.Br. var. tinctoria — 3 — 
Rhamnaceae  Ziziphus mauritiana Lam. var. mauritiana  — 2 — 
Rhamnaceae  Ziziphus rugosa Lam. — 4 — 
Rhamnaceae  Ziziphus oenoplia (L.) Mill. — 39 — 
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List of woody plant species categorised under the three dispersal modes 
 Family Botanical Name Zoochory Autochory Anemochory 
Mimosaceae Acacia chundra (Roxb. ex Rottl.) Willd.   +   
Mimosaceae Acacia leucophloea (Roxb.) Willd.   +   
Mimosaceae Acacia nilotica (L.) Willd. ex Del. subsp. indica (Benth) Brenan    +   
Mimosaceae Albizia odoratissima (L.f.) Benth    +   
Mimosaceae Acacia sinuata (Lour.) Merr.   +   
Mimosaceae Acacia torta (Roxb.) Craib   +   
Mimosaceae Albizia amara (Roxb.) Boivin   +   
Mimosaceae Albizia lebbeck (L.) Willd.   +   
Mimosaceae Albizia odoratissima (L.f.) Benth. var. odoratissima    +   
Annonaceae Alphonsea sclerocarpa Thw.  +     
Combretaceae Anogeissus latifolia (Roxb. Ex DC.) Wall ex Guill. & Perr.     + 
Rutaceae Atalantia monophylla (L.) Correa +     
Meliaceae Azadirachta indica A. Juss. +     
Poaceae Bambusa bambos Voss   +   
Caesalpiniaceae Bauhinia purpurea L.   +   
Caesalpiniaceae Bauhinia racemosa Lam.   +   
Caesalpiniaceae Bauhinia variegata L.   +   
Bombacaceae  Bombax ceiba L.     + 
Bombacaceae  Bombax insigne Wall.      + 
Euphorbiaceae Bridelia retusa (L.) Spreng. +     
Anacardiaceae Buchanania lanzan Spreng. +     
Clusiaceae Calophyllum inophyllum L. +     
Rubiaceae Canthium ficiforme Hook.f. +     
Capparidaceae Capparis sepiaria L.  +     
Flacourtiaceae Casearia tomentosa Roxb.   +   
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Family Botanical Name Zoochory Autochory Anemochory 
Caesalpiniaceae Cassia auriculata L.   +   
Caesalpiniaceae Cassia fistula L.   +   
Caesalpiniaceae Cassia siamea Lam.   +   
Celastraceae Cassine glauca (Rottb.) Kuntze +     
Celastraceae Cassine paniculata (Wight & Arn.) Lobr.-Callen +     
Casuarinaceae Casuarina equisetifolia L.   +   
Rutaceae  Chloroxylon swietenia DC.     + 
Meliaceae Cipadessa baccifera (Roth) Miq. +     
Rutaceae Clausena dentata (Willd.) M. Roem +     
Ranunculaceae Clematis gouriana Roxb. ex DC.       
Burseraceae Commiphora caudata (Wight & Arn.) Engler var. caudata     + 
Boraginaceae Cordia monoica Roxb. +     
Boraginaceae Cordia obliqua Willd.  +     
Fabaceae Dalbergia lanceolaria L.     + 
Fabaceae Dalbergia latifolia Roxb.     + 
Fabaceae Dalbergia paniculata Roxb.   +   
Fabaceae Dalbergia sissoides Graham ex Wight & Arn.     + 
Caesalpiniaceae Delonix regia (Boj. ex Hook) Rafin.   +   
Ebenaceae  Diospyros ebenum Koen. +     
Ebenaceae  Diospyros melanoxylon Roxb. +     
Ebenaceae  Diospyros montana Roxb. +     
Sapindaceae Dodonaea viscosa (L.) Jacq.       + 
Elaeocarpaceae Elaeocarpus serratus L. +     
Mimosaceae Enterolobium saman Prain. ex King     + 
Sterculiaceae Eriolaena quinquelocularis (Wight & Arn.) Wight     + 
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Family Botanical Name Zoochory Autochory Anemochory 
Erythroxylaceae Erythroxylum monogynum Roxb. +     
Myrtaceae Eucalyptus globulus Labill. +     
Euphorbiaceae Euphorbia antiquorum L. +     
Euphorbiaceae Euphorbia heyneana Spreng. subsp. heyneana   +   
Flacourtiaceae Flacourtia indica (Burm.f.) Merr. +     
Euphorbiaceae Flueggea virosa (Willd) Baill. +     
Rubiaceae Gardenia gummifera L. +     
Burseraceae Garuga pinnata Roxb. +     
Proteaceae Grevillea robusta A. Cunn. ex R. Br.     + 
Tiliaceae  Grewia orbiculata Rottl. +     
Tiliaceae Grewia sp +     
Tiliaceae  Grewia tiliifolia Vahl.  +     
Hernandiaceae Gyrocarpus asiaticus Willd.     + 
Caesalpiniaceae Hardwickia binata Roxb.     + 
Sterculiaceae Helicteres isora L. +     
Rubiaceae Ixora pavetta Andr. +     
Oleceae Jasminum sp +     
Euphorbiaceae Jatropha curcas L.   +   
Verbenaceae Lantana camara L. var. aculeata (L.) Mold. +     
Mimosaceae Leucaena leucocephala (L.) Gills   +   
Clusiaceae Calophyllum inophyllum L. +     
Euphorbiaceae Mallotus philippensis (Lam.) Muell.-Arg. var. philippensis +     
Sapotaceae  Manilkara roxburghiana (Wight) Dubard +     
Celastraceae Maytenus emarginata (Willd.) Ding Hou +     
Celastraceae Maytenus ovatus (Wall ex Wight & Arn.) Loes. +     
 
 
164 
 
Family Botanical Name Zoochory Autochory Anemochory 
Verbenaceae Gmelina arborea Roxb. +     
Melastomataceae Memecylon spp +     
Melastomataceae Memecylon umbellatum Burm. +     
Sapotaceae  Mimusops elengi L. +     
Rubiaceae Morinda tinctoria Roxb. +     
Rubiaceae Morinda pubescens J.E. Smith var. tomentosa +     
Fabaceae Mundulea sericea (Willd.) A. Cheval     + 
Rutaceae Murraya koenigii (L.) Spreng. +     
Rutaceae Naringi crenulata (Roxb.) Nicolson  +     
Oleaceae Olea dioica Roxb.     + 
Euphorbiaceae Phyllanthus emblica L. +     
Mimosaceae Pithecellobium dulce (Roxb.) Benth. +     
Celastraceae Pleurostylia opposita (Wall.) Alston +     
Annonaceae Polyalthia cerasoides (Roxb.) Bedd. +     
Fabaceae Pongamia pinnata (L.) Pierre   +   
Verbenaceae Premna tomentosa Willd. +     
Mimosaceae Prosopis juliflora (Sw.) Dc.   +   
Fabaceae Pterocarpus marsupium Roxb.     + 
Caesalpiniaceae Pterolobium hexapetalum (Roth.) Sant. & Wagh   +   
Rubiaceae Randia dumetorum (Retz.) +     
Annonaceae Saccopetalum tomentosum (Roxb.) Hook. f. & Thomson +     
Santalaceae Santalum album L. +     
Sapindaceae Sapindus emarginatus Vahl +     
Flacourtiaceae Scolopia crenata (Wight & Arn.) Clos var. crenata  +     
 Phyllanthaceae Securinega leucopyrus (Willd.) Mull. Arg. +     
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Family Botanical Name Zoochory Autochory Anemochory 
Simaroubaceae Simarouba glauca DC. +     
Fabaceae Smithia sp.     + 
 Bignoniaceae Stereospermum personatum (Hassk.) Chatterjee +     
Loganiaceae Strychnos potatorum L.       
Meliaceae Swietenia mahagoni (L.) Jacq.      + 
Myrtaceae Syzygium cumini (L.) Skeels +     
Caesalpiniaceae Tamarindus indica L.  +     
Rubiaceae Tarenna asiatica (L.) Kuntze ex K. Schum. var. asiatica +     
Bignoniaceae Tecoma stans (L.) Kunth     + 
Verbenaceae Tectona grandis L.f.   +   
Combretaceae Terminalia crenulata Roth     + 
Rutaceae Toddalia asiatica (L.) Lam. +     
Apocynaceae Wrightia tinctoria (Roxb.) R.Br. var. tinctoria     + 
Rhamnaceae  Ziziphus mauritiana Lam. var. mauritiana  +     
Rhamnaceae  Ziziphus rugosa Lam. +     
Rhamnaceae  Ziziphus oenoplia (L.) Mill. +     
 
 
 
